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A QUANTITATIVE ESTIMATION OF SMALL AMOUNTS 
OF CADMIUM IN THE DRY WAY 

Frank C. Breyer 
Palmerton, Pa. 

A quick method of estimating whether an ore or zinc product 
contains less than 0.05% cadmium, or none at all, would in many 
cases save the necessity of the painstaking separating of cadmium, 
either by hydrogen sulphide or electrolytically, in zinc analysis. 

In a gravimetric or electrolytic zinc determination, the error 
caused by not separating 0 05% cadmium would be but very little 
greater than that involved in the separation of the ca dmi um 
beforehand. When the zinc is determined by titrating with 
ferrocyanide, the error caused by the presence of 0.05% cadmium 
is about 0.03% or just about equal to that involved in a previous 
separation of this small percentage of cadmium. 

An article by R. Biewend, Berg-und Huettenmaennische 
Zeitung 32 (1902) pages 400-413-425, gives several quick and 
wonderfully sensitive dry tests for cadmium. They are all 
apparently too sensitive to be used for the above purpose, so a 
modification was tried of his original closed tube method, which 
latter consists in heating carefully, the previously roasted mater- 
ial to be tested, with a variety of reducing agents such as ferrous 
carbonate, iron, manganese, aluminum and magnesium. The 
mirror of metallic cadmium resulting can then be recognized by 
either dropping a little sulphur into the tube and running it with 
the flame out over the mirror, giving the brilliant cadmium 
sulphide, red when hot, and yellow when cold, or by cracking the 
lower end of the tube thus admitting air, and volatilizing a ring 
of the brown oxide. This method gave, on trial, excellent tests 
when only a hundredth of a percent of cadmium was present. 
Biewend showed that, under these conditions, no other metal 
gave a mirror that could be taken for cadmium. 

A Rose crucible was substituted for the closed tube, and through 
a l 
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the Rose stem a very small stream of air, saturated with gasolene 
vapor (ordinary gasolene laboratory gas), was allowed to pass. 
The crucible was heated to bright redness with the blast lamp. 

At first, the sample, previously roasted to remove water, 
higher arsenides, selenium, sulphur and other sublimate yielding 
gases and materials, was mixed with an equal bulk of iron or 
aluminum powder before heating in the Rose crucible, but just 
as satisfactory results were obtained without pre-roasting or the 
addition of the iron or aluminum. 

With the lid on the crucible, the method also gave a satis- 
factory test for arsenic when as little as 0.05% was present. 
The arsenic always settled in a black patch on the lid around the 
hole for the stem, as well as in a ring around the stem itself just 
outside the lid. 

When cadmium alone was being tested for, the lid of the cruci- 
ble was left off, the stem merely projecting into the crucible and 
being held in place by a clamp. 

The method consists in the following procedure: 200 mgs. of 
the material to be tested are weighed out roughly; placed in the 
bottom of a Rose crucible; the Rose stem is introduced, nearly 
touching the material on the bottom, and a very small stream of 
gas allowed to pass through, enough to give, when lit, a flame 
i inch long. 

The crucible is then gradually heated to bright redness and 
kept there until streams of zinc oxide are seen rising. The 
flame is then removed, and, when the crucible is cool, a ring or 
patch of brown red cadmium oxide will appear on the side of the 
crucible at the level where it is supported on the outside by a 
piece of heavy asbestos board with a hole in it. The board also 
serves to keep the top of the crucible cool enough to condense 
the cadmium before it escapes from the crucible. 

If there is present in the sample as little as 0.1% cadium, 
the oxide is still plainly visible. With increasing proportions of 
cadmium, the patch becomes a perfect ring of increasing breadth 
and density, covering the Rose stem as well. A little experience 
will enable one to estimate, from the relative density of this 
sublimate, to within 0.1% of the amount of cadmium present. 
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Tho author tried this, with excellent results, on numerous ores 
containing up to 0.6% cadmium. 

If 200 mgs. of the sample give no brown coating, there is less 
than 0.1% cadmium present. If 400 mgs. give a slight coating, 
there is between 0.05% and 0.1%. This was the accuracy desired 
to save the electrolytic or sulphide separation of cadmium in 
zinc analysis. 

The possibility of mistaking other coatings for cadmium was 
eliminated by adding successively Sb 2 0 3 , PbO, PbS and Bi 2 0 8 to 
a Willemite ore, which was subsequently shown to hold only a 
few thousandths of a percent of cadmium, and which gave no 
test by this method. Neither bismuth nor lead gave any coating, 
while antimony gave a black ring, less volatile than arsenic, but 
still settling above cadmium and always dense black, never 
red-brown or yellowish-brown. 

It seemed worth while to try the closed tube method, as 
given by Biewend for the detection of very small quantities of 
cadmium, on the Franklin Furnace ores, oxide and spelter. 

The method, in full, consists in heating the pre-roasted sample 
with some reducing agent, as mentioned above, or, in the case of 
metallic zinc or zinc alloys, alone in a closed tube of about 5 mm. 
internal diameter and about 5 cm. long. In case the sample con- 
tains ferrdus iron or bitumen, it is unnecessary to add a reducing 
agent. 

If the sample contains cadmium, a sublimate of the metal, 
oxide, or sulphide, depending on the conditions, will appear a little 
way above the material. To distinguish the metallic ring from 
zinc, which iB likewise volatilized in a ring just beneath the 
cadmium, a little sulphur may be added or air admitted, by 
cracking the lower end of the tube, giving in either case, char- 
acteristically colored compounds. 

For very small traces of cadmium, 0.001% in ores and light 
compounds and 0.0005% to 0.0001% in spelter and alloys, the 
tube is drawn out to capillary dimensions, just above the sample, 
after the latter has been added. 

Using 200 mgs. of Willemite, without the addition of any 
reducing agent, since it contains ferrous iron and bitumen, no 
visible sublimate of cadmium was obtained when the tube was 
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not drawn, out. When the tube was drawn out to the diameter 
of a pin-head, a very plain metallic ring was obtained which, on 
dropping in a little flowers of sulphur and heating the tube 
sharply, gave the characteristic, cadmium sulphide, red when 
hot, yellow when cold. Crude ore and Franklinite gave identical 
results. In the case of Palmerton oxide, the cadmium was still 
plainly visible when the tube was only narrowed to about J its 
original diameter. 

With a spelter containing 0.1% cadmium, 2 mgs. gave, in the 
capillary, a very perceptible cadmium ring. Four hundred mgs. 
of Horse Head spelter failed to give, after five trials, the least 
trace of cadmium. All three draws were tested. This indicates 
that there is less than 0.0005% of cadmium in that spelter. 

Prime spelter Western gave the test, even in the unnarrowed 
tube, in all three draws. 

These two methods have another value, aside from saving the 
separation for cadmium in sine analysis when that metal is not 
present or only there in small quantities, namely, saving the long 
wet test for cadmium in cadmium analysis, when the sample 
contains less than a couple hundredths percent of cadmium or 
none at all. The only safe wet test requires a long evaporation 
to appearance of sulphuric fumes and two or possibly three 
separations with hydrogen sulphide before one can say for certain 
whether cadmium is present or not. 

To show the value of the methods, the following samples were 
estimated and then run by the regular laboratory methods, which 
is accurate to within 0.03% to 0.05%. 


Zinc Sludge 
A Limestone 
B Tailings 
C Black Iron 
D Oxide 

6 Colorado Leadville Ores 


Cadmium 

Estimated — Dry Way 
0.5% 

0.001%-0.005% 
0 001%-0.005% 
0 03% 
0.03% 
0.07% 


Cadmium 
Regular Analysis 

0.59% 

None 

77 


Trace 
0 04% 

0 06%-0. 12% 
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Summary 

The closed tube method of R. Biewend and a modification, 
in which a Rose crucible is substituted for the closed tube, give 
a very quick and apparently reliable method of estimating the 
amount of cadmium present in ores, oxides, alloys, spelter and the 
like, in quantities from 0.0005% to 0.6%. 

The value of the methods depends upon the saving of 
unnecessary separations for cadmium in zinc analysis and long 
determinations for cadmium in cadmium analysis, when none or 
only traces of the metal are present. 




A PROPOSED STANDARD METHOD OP ANALYSIS 

FOR ZINC 


Frank G. Bbeyer 
Palmerton, Pa. 

An explanation for the appearance of tins paper, proposing a 
standard method of analysis for zinc, before the International 
Congress of Applied Chemistry, seems necessary, since the excel- 
lent and very complete review and critical survey of the litera- 
ture of zinc analysis presented by Dr. Nissenson before the VI 
International Congress at Rome, recommends any one of four 
methods as equally accurate and satisfactory for the analysis of 
ores and other zinciferous materials for zinc. The results of 
Nissenson’s analyses, by the four methods, on a number of ores 
and products, show that with a proper understanding of any one of 
the methods, accurate results can be obtained on most ores and 
materials. 

There are, however, certain important ores and zinc products 
for which all four methods are decidedly not equally satisfactory, 
as the report of the Zinc Committee of the American Chemical 
Society and the records of the New Jersey Zinc Company clearly 
show, when samples of the crude ore from Franklin Furnace, 
N. J., or of the magnetic separator product, Franklinite from 
this same ore, were sent out for analysis to various chemists. 
Other ores of high iron, manganese, cadmium or copper content 
cannot be worked satisfactorily by all four methods, and it there- 
fore seems desirable to point out a standard method, which not 
only gives statisfactory results for ores and zinc materials of a 
high degree of impurity, but which has also been selected as the 
most satisfactory standard method for the common sulphide 
and carbonate ores, after a year’s work devoted to determining 
the relative merits of the various methods of zinc analysis. 

In 1903, the Committee on Uniformity in Technical Analysis 
of the American Chemical Society reported variations from 12.20 

7 
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zinc to 39.22% zinc, on an ore of the character mentioned above, 
by chemists supposed to be familiar with zinc analysis. The 
result of the committee’s work for the improvement of zinc 
analysis in America was the recommendation of the Modified 
Waring Method as a standard American method of analysis for 
zinc. The improvement, as shown by the report in 1907 of the 
Sub-Committee on Zinc Ore Analysis, due to the use of this 
method, was quite remarkable. The method, however, has not 
come into general use as a standard procedure, and most chemists 
who have expressed themselves in the journals, find it unsatis- 
factory. 

The defects of the Modified Waring Method will be spoken of 
later in this paper. Another excellent reason for again discussing 
zinc analysis, is the fact that, practically none of the common 
American text-books or recent articles dealing with zinc analysis, 
show any signs whatever of their authors being aware of Dr. 
Nissenson’s report. 


How the Standard Method was Selected 

The work of collecting, classifying and digesting the literature 
of zinc analysis having been most clearly and carefully performed 
by Dr. Nissenson, the author merely tried to verify experiment- 
ally Nissenson’s conclusion, namely; that there was little, if 
any preference between the four best known and most used 
methods: the gravimetric hydrogen sulphide method, the elec- 
trolytic method, the sodium sulphide method of Schaffner and 
the ferrocyanide method of Galletti. Since no one of these four 
complete methods is entirely distinct from the others, but each 
has some of the features common to one or more of the other 
three, a different basis of classification was adopted. Since 
we must be able to tell how much zinc is in a pure solution first, 
before we can say how much is in an impure one, the first and 
most logical step was to determine the relative merits of the 
various methods for determining zinc in pure solution, then the 
merits of the various methods of separating interfering elements, 
and lastly the merits of the various methods of solution of the 
zinciferous material. 
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The complete standard method then should be the best com- 
bination of the three fundamental operations. 


Basis of Selection 

In selecting the best method for each of the three fundamental 
operations, accuracy was the first point considered. Then the 
methods were judged as to the relative difficulty of maintaining, 
in every day work, the conditions required for the highest degree 
of accuracy. Lastly the influence of the time element was 
considered. 

Wherever previous evidence is conclusive on a certain point, 
the author has omitted giving in detail his own data. The 
prime object to this paper is to give a clear understanding of the 
proposed standard method, therefore, wherever possible, details 
already covered by others or readily accessible in the literature, 
are omitted in the hope of presenting the method in toto with 
something like its proper balance. 

The Determination of Zinc in Pure Solution 
Gravimetric Methods 

Weighing as Oxide 

Numerous inorganic and organic precipitants for zinc have been 
proposed with subsequent ignition to oxide. Various objections 
have been raised against most of them, leaving but two of the 
simpler, that are used to any extent. The first of these, the 
precipitation as the carbonate, is in fairly common use today. 
Despite the fact that Classen 1 and Weiss 2 have both shown that 
the precipitate contains considerable amounts of silica and alka- 
line salts when the precipitation is made in glass-ware (plati- 
num is seldom used). The necessity of using platinum elimi- 
nated this method for general use from further discussion, at 
least until the other methods showed equal disadvantages. 

The conversion of the sulphide to oxide according to Weiss 

> Classen, Ausgewahlte Methoden d. anal. Chem., 1901, 1 Bd., S. 330. 

> G. Weiss Jnaug.-Disseit. Mtlnchen 1906. 
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seemed to have many advantages, and was tried out as follows: 
Known weights of zinc, containing 0.026% of lead, 0.015% of 
iron and a few hundredths of oxide, were dissolved in hydro- 
chloric acid and evaporated to the appearance of fumes with 
one or two c.c. of sulphuric acid. This solution was cooled, 
diluted, neutralized with the purest KOH, an excess of 100-200 
mgs. of H 2 SO 4 added, diluted to 100-150 c.c., and a rapid stream 
of hydrogen sulphide passed through at room temperature for 
forty minutes. The precipitate was allowed to settle a few min- 
utes, and was then filtered off on a gooch. The precipitate was 
dried on the door of an electric muffle and then heated (800°- 
900° C.) in the muffle, to which the air had excess, for $-1 hour 
to constant weight. Results accurate to within one milligram 
were obtained by this method, using up to five hundred milligrams 
of zinc in the tests. 


Weighing as Sulphide 

Rose’s Method 

After a few trials, this method was abandoned as being less 
accurate, even when taking every precaution, more involved, 
and more time consuming than the simple weighing as oxide. 
Nissenson, however recommends this as more desirable than the 
weighing as oxide. 

Weighing as Sulphate 

Results as accurate as those obtained with the oxide method 
were obtained by simply evaporating carefully with excess of 
sulphuric acid over an asbestos gauze until fuming ceased. 
The advantage of the oxide method over the sulphate method lies 
chiefly in the fact that when zinc is separated from the rest of 
the elements it is precipitated as sulphide. The oxide can be 
obtained directly from this with practically no further attention, 
whereas the sulphate requires the resolution of the sulphide and 
the careful fuming process. 

Phosphate Method 

The phosphate precipitation of Tamm, Stone, Dakin, and also 
Waring and Stone, is less desirable than any of the common 
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gravimetric methods, since the zinc after being separated as 
sulphide from the other elements, must be redissolved, the hydro- 
gen sulphide boiled out, and the zinc then reprecipitated, after 
carefully neutralizing the solution, filtered, washed, dried and 
ignited. With all these additional operations the author was 
unable to obtain an accuracy of more than 3 mgs. in tests using 
up to five hundred mgs. of Zn. One of the main difficulties was 
the difficulty of washing the ammonium-zinc phosphate without 
loss. Only with the greatest precautions and attention can the 
phosphate method yield good results, as can readily be seen from 
Dakin’s 1 paper. 


Other Gravimetric Methods 

None of the other gravimetric methods proposed have ever 
been used by more than the few who were concerned in originat- 
ing them, as various reviewers of zinc literature remark. 

VOLTJMETBIC METHODS 
Sodium Sulphide Method 

The titration of zinc with a standardized sodium sulphide 
solution was not tried by the author for two reasons. First: 
because of the change in value of the sulphide solution, necessi- 
tating very frequent standardizations. Second: because various 
other authorities (DeKoninck & Prosst, 2 Nissenson,* and Voigt 4 ), 
all state that as satisfactory or better results can be obtained by 
the ferrocyanide method, which has the advantage of needing 
restandardization very seldom when the solution is properly 
prepared in the first place. Another reason why the author never 
tried the sulphide method was, because, in experimenting with 
the ferrocyanide titration, a simpler and more accurate end point 
was found for the latter determination, and if the latter method 
was to be preferred, using the old end point, with the new end 
point the preference was still more decided. 

* Dakin. Zeitschft. f. Anal. Chem., S9 (1900), 273. 

* De Koninok & Prosst. Zeitschr. f. angew. Chem., 9 (1896), 460, 664. 

> Nissenson, Loc. cit. 

« Voiet, Zeitschft. f. Ang. Chem., 1911 p. 2196, 1912 pp. 206, 1006. 
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Potassium Ferrocyanide Method 

Low’s modification of the ferrocyanide titration was tried, 
since it seemed to possess all the good features of the ideal method 
as recommended by DeKoninck & Prosst 1 in their thorough and 
basic work on this titration, and in addition avoided the incon- 
venience and error due to two standards and a back titration, 
as recommended by the latter authorities. For a proper under- 
standing of the ferrocyanide method, De Koninck & Prosst’s 
article must be read in full. 

A description, only of the modification used by the author, 
will be given here. The pure zinc solutions are made ammoniacal 
with 13 c.c. of ammonia (0.90 Sp. gravity), acidified and an excess 
of 3 c.c. of hydrochloric acid (Sp. gravity 1.2) is added. The 
metallic zinc or zinc sulphide should be dissolved in 10 or 12 c.c. 
of hydrochloric acid, so that 13 c.c. of the strong ammonia will 
always make the solution alkaline. Then, on neutralizing with 
hydrochloric acid, one is assured of always having the same amount 
of ammonium chloride present. This acidified solution is diluted 
to 200 c.c., heated to incipient boiling, and, after pouring out 
about a third into a small beaker, the remaining two-thirds are 
titrated and an excess of about 25% of the titrating solution 
added. The end point is determined in the usual manner with 
1% uranium nitrate. All except a few c.c. of the reserve portion 
are then added, the end point again passed, this time by only a 
half of a c.c. of ferrocyanide, and then the last of the reserve por- 
tion added and the little beaker rinsed out with the whole portion. 
The end point is then carefully approached drop by drop. The 
advantages of this method of titration are that it prevents over- 
running the end point, and, consequently saves the very cautious 
manipulation when titrating in one operation, and also insures 
the complete uniformity of the precipitate, owing to the excess 
of ferrocyanide, present twice, when the solution is titrated to 
an excess of the latter reagent. 

Working by this method, the author titrated a zinc solution 
from a dissolved zinc sulphide precipitate, containing three or 
four tenths of a milligram of ferrous iron which had been retained 

1 De Koninck and Prosst; Loc. cit. 
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with the zinc sulphide when the latter was precipitated from a 
solution containing almost equal quantities of iron and zinc. 
This solution containing the ferrous iron, when titrated, gave a 
strong turquoise-blue color, so long as the zinc was in excess, but 
a few drops before the end point, as obtained with uranium 
nitrate, it changed sharply to a pea green and with several more 
drops then quickly faded to a creamy yellow. On adding the 
greater part of the reserve portion of the zinc solution, the blue 
color appeared again just as strong as ever, again vanished when 
an excess of fcrrocyanide was added, again appeared when the 
last portion of zinc was added and finally vanished a few 
drops before the final end point, as determined with uranium 
nitrate. 

This blue color has been mentioned by numerous writers on 
zinc determination and by some rightly ascribed to the presence of 
iron. No one, however, seems to have ever gotten more than a 
“trace of blue” or a “tinge of blue color.” This may be due to 
another factor, mentioned below, as well as to the presence of 
but a trace of ferrous iron (0.1 mg. or less), whereas the first solu- 
tion in which the author noticed the color particularly, con- 
tained, as previously stated, 3-4 tenths of a milligram of ferrous 
iron in the presence of 180 mgs. of zinc. 

The value of this vanishing blue color as a warning of the 
approach of the uranium nitrate end point has been also com- 
mented upon, but the authors are always uncertain as to whether 
the blue color will appear at all. By experiment, the author 
found that freshly dissolved potassium ferrocyanide gave very 
little blue color with 3-4 tenths of a milligram of ferrous iron in 
the zinc solution, whereas a ferrocyanide solution that had stood 
for several months showed the blue color strongly. It was also 
found that the depth of the blue color increased with increasing 
am ounts of ferrous iron. Since the only difference between the 
freshly prepared ferrocyanide and that which had stood for sev- 
eral months, is in the amount of ferricyanide present due to oxi- 
dation by the dissolved oxygen and carbon dioxide in the water, 
enough ferricyanide was added to the freshly prepared ferrocyan- 
ide to give the latter solution the same yellow tint as that pos- 
sessed by the month’s old ferrocyanide solution. On titrating 
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with this solution, the blue color was just as strong and gave as 
sharp a change as the old solution. 

The following explanation then offered itself. So long as zinc 
is in excess, all the ferrocyanide is removed as insoluble zinc 
potassium ferrocyanide; the ferricyanide, however, does not ap- 
parently act with the zinc, but gives the blue solution with the 
ferrous iron. When the zinc is all precipitated, the ferrocyanide 
decomposes the ferro-ferricyanide blue and gives the white or 
colorless ferro-ferrocyanide solution. The fact that it takes sev- 
eral drops to make the blue vanish completely to a creamy yellow, 
may readily be explained by mass action. The first drop of 
excess ferrocyanide, however, causes sufficient change in color, 
namely, from blue to pea green, to serve admirably as an indicator. 

The author used the blue end point in connection with the reg- 
ular uranium end point for some time, but soon found that he 
could determine the end point by the the change in the blue color 
about twice as sharply as he could with the uranium solution. 
Several hundred determinations using both end points jointly 
showed that the blue end point appeared just .25 of a c.c. before 
the end point with 1% uranium nitrate using a ferrocyanide 
solution one c.c. of which equals 5 mgs. of zinc. As for obtaining 
a ferrocyanide solution with the proper amount of ferricyanide, 
one can dissolve 44 grams, for a solution 1 c.c. of which equals 
10 mgs. of Zn, of the best ferrocyanide (the author used Merck’s) 
per liter and allow it to stand for a month or more in the dark 
in a closed vessel. For immediate use one can add 300 mgs. 
of ferricyanide per liter to the above mentioned solution, but this 
solution will change in value for some time until all the oxygen 
dissolved in the water is used up in converting the ferrocyanide 
to ferricyanide. In standardizing, and when titrating dissolved 
zinc sulphide precipitates that contain less than 0.3 mgs. of fer- 
rous iron, three or four tenths of a c.c. of ferrous iron solution are 
added, 1 c.c. of which is equal to a milligram of iron. A ferrous 
solution may be permanently maintained by acidifying it and 
adding a few granules of aluminum powder. After much ex- 
perience with the old end point and observation of others working 
with it, the author is of the opinion that the new end point is 
both quicker to reach and more accurate, and he recommends 
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every chemist working on zinc analysis to give it a fair trial. 
Below are given some factor determinations on various ferro- 
cyanide solutions. In every case the zinc, after being weighed 
out, was only marked by letter, so as to eliminate mental bias 


as much as possible. 



1.0665 

.5293 

.5030 

1.0660 

.5293 

.5033 

1.0660 

.5299 

.5035 

1.0665 



Mean 1.0663 

.5295 

.5033 


Below are a series of factor determinations in which the beaker 
marks were changed and the results calculated by another person, 
so as to eliminate the personal equation as much as possible. 

.9939 
.9929 
.9932 
.9929 
.9929 
Mean .9932 

Other Volumetric Methods 

Of the numerous other volumetric methods proposed, the 
same thing may be said as of the uncommon gravimetric methods. 
Their use has never extended far beyond the hands of their 
originators. 


Electrolytic Methods 

These are divided into two classes. The one working in an 
alkaline electrolyte and the other in an electrolyte made slightly 
acid with one of the weaker organic acids, and containing enough 
alkali salt of the organic acid to prevent any considerable rise 
in the concentration of hydrogen ions when the zinc is precipi- 
tated. 

Spitzer 1 has shown that a simple sodium hydroxide electrolyte 

* Spitzer (Zeitschft. f.-Elektrochemie 11 (1905) 391. 
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gives more satisfactory results than any obtained with the complex 
mixtures. Using two to five hundred milligrams of zinc, the 
author was unable to get as accurate results as those of Spitzer, 
but always came from one to two milligrams high. This was 
undoubtedly due to presence of zinc oxide or hydroxide, as 
explained by Spear, Wells, and Dyer (J. American Chem. Soc. 
32 (1910) page 530-38). 

With the organic electrolyte, sodium acetate and acetic acid, 
the author was able to get better results both as to appearance 
and actual accuracy. The oxide or hydroxide carried down 
amounting to less than one milligram for from 200 to 500 -milli- 
grams of zinc. As in the alkaline method, Spitzer’s directions 
were followed in every detail, he having investigated the electro- 
lytic precipitation of zinc more thoroughly than any one previous. 

On the whole, the electrolytic methods, on account of the 
special apparatus needed, the experience and care necessary 
to get reliable results, and the unavoidable errors involved in 
their use, are less desirable than the gravimetric oxide method 
and still less desirable than the ferrocyanide method, both on the 
grounds of time required and the difficulty of maintaining the 
proper conditions. 

After summing up the results of the various methods of de- 
termining zinc in pure solution the author concludes that the 
two volumetric titrations, the weighing as zinc sulphate, as oxide 
and the precipitation electrolytically from an acetic acid electro- 
lyte are the only methods worthy of consideration by the analyst 
today. 

Of these, the ferrocyanide method in the author’s hands proved 
the most accurate as well as the easiest to maintain under proper 
conditions. Next to this, the author prefers the weighing as 
zinc oxide. The weighing as sulphate is just as accurate as the 
weighing as oxide, but takes more time. The Schaffncr sulphide 
titration is probably as accurate as either of the gravimetric 
methods, but is undoubtedly, from published results by those 
most familiar with it, less accurate and more time consuming than 
the ferrocyanide method. The electrolytic method is the least 
desirable of those worthy of consideration. 

One fact well worth considering is the enormous advantage the 
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two volumetric methods have, in that one can run them in the 
presence of numerous other elements, whereas the gravimetric 
methods require pure solutions and the electrolytic, freedom 
from all but a limited number of impurities. For a standard 
method, this fact has no weight, since, as will be shown later, 
it is necessary to separate zinc from all the other metals. For 
individual ores, however, and standardized, rapid procedures, 
no interfering metal being present or the influence of such being 
known and allowed for, the fact that the volumetric methods 
can be worked in the presence of numerous other metals has 
made them almost universally used. 

Methods o f Separating Zinc from Other Elements 
Separation from Silica 

The separation of zinc from silica, either partially by hydro- 
chloric acid or completely by sulphuric acid, worked satisfac- 
torily for the author. The filtering and washing, when sulphuric 
acid is used, is decidedly the more rapid procedure and is used 
almost exclusively on the continent, according to Nissenson. 

The separation of the metals of the hydrogen sulphide group 
from zinc will be given in a little more detail than was allowed 
in the case of the determination of zinc in pure solution since 
several new points were brought out here, which require explicit 
directions and recorded experimental data. 


Method of Separation op Cadmium, Lead, Arsenic, Anti- 
mony, and Bismuth, prom Zinc 

The literature upon the subject of the separation of zinc from 
cadmium and the heavy metals is particularly extensive and more 
or less confusing, — cadmium being apparently the cause of the 
greatest difficulty. 

From the great mass of material worked over, three methods 
stand out as worthy of first consideration on the grounds of 
accuracy and simplicity. They are the Thio-sulphate and 
Hydrogen Sulphide method, used in the German laboratories 
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((Nissenson u. B. Neumann, Chemk. Zeit. 19 (1895) 1624; 
Nissenson u. Kettembeil, Chemk. Zeit. 29 (1905) 951)); Waring 
and Stone method, ((J. A. C. S. 26 (1904) #1, p. 25)); and the 
Electrolytic method of Denso and Foerster ((Zeit. fur Elect. 9 
(1903) 470; Zeit fur Angew. Chem. 19 (1906) 1890)). 

Most of the other methods not considered here belong in two 
classes: those separations which are incomplete, or which careful 
work has shown to be unreliable; and those in which the zinc 
solution is left in a condition unsuited for the zinc determination 
itself. In the first class are included such methods as are used 
in the Von Schulz and Low Method (Columbia School of Mines 
Quarterly Vol. XIV #1), where metallic lead is used to pre- 
cipitate copper, lead, of course, going into solution; also, Low's 
own methods (Tech. Meth. Ore Anal.) of separating cadmium 
by hydrogen sulphide in cold solution of insufficient acidity. 
In the second class would come most of the electrolytic methods, 
where complex salt solutions are used, as well as the methods 
based on the difference of solubility of the sulphides of zinc and 
cadmium in potassium cyanide solution. 

Waring and Stone Method 

Of the three methods selected, that of Waring and Stone 
appeared the simplest and neatest and was, therefore, tried first. 
The method consists in boiling the 10—15% acid sulphate solution 
of the metals with a heavy piece of sheet al umi nu m , %" square, 
until precipitation ceases, then filtering off the solution con- 
taining the zinc and metals of the groups beyond. A couple of 
pieces of aluminum are also put on the filter. 

Separate sulphate solutions of bismuth, antimony, arsenic, 
copper, lead and cadmium, in quantity likely to be met with in 
zinciferous products, were first tested. Bismuth, antimony and 
lead were readily precipitated m from fifteen minutes to a half 
hour. Copper and arsenic, however, went partially back into 
solution when exposed to the oxygen of the air on the filter during 
the washing. A dozen trials with cadmium yielded varying 
results from a small fraction up to two thirds of the cadmium 
present being precipitated, using quantities of from two to ten 
mgs. and boiling as long as several hours. 
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The presence of six or eight pieces of aluminum, instead of 
one, thus having more surface of contact for the precipitated 
metals, and cooling the solution down before filtering, almost 
entirely prevented the resolution of the copper and arsenic (less 
than a milligram going through). In the case of cadmium, how- 
ever, about the same amounts went through as before. A second 
precipitation of cadmium failed to remove, if any, but a trace of 
that left by the first operation. 

As the separation is really electrolytic, the conditions under 
which zinc and cadmium are separated by the regular electrolytic 
methods were studied. According to P. Denso (Zeit. fur Electro- 
chemie 9, 1903, p. 470), F. Foerster (Zeit. fur Angew. Chemie 
19, 1906, p. 1890), and others, cadmium can be precipitated and 
separated from zinc in as strong sulphuric acid as a twice normal 
solution, — that is, a ten percent H 2 SO 4 solution. With a higher 
degree of acidity, Denso found it impossible to get all the cadmium 
out. This means that in solutions above ten percent acid alumi- 
num will only displace hydrogen and not cadmium after the 
latter has reached a definite minimum concentration. It is, 
therefore, necessary to work below ten percent acid when seeking 
to precipitate cadmium by aluminum. Furthermore, in the 
course of the experiments carried out on the electrolytic precipi- 
tation of cadmium by the writer it was found that whenever the 
potential between the electrodes dropped down a little below 
the point ( 2 . 8 - 2.9 volts) where the precipitation is complete, 
that ca dmi um went readily back into solution. This means that 
as soon as cadmium becomes detached from the aluminum; i.e., 
is no longer under a strong negative potential with respect to 
the solution, it will dissolve again in the sulphuric acid. The 
precipitation can not, therefore, be complete unless all the cad- 
mium remains in contact with the aluminum. 

Very large surfaces of aluminum were tried instead of 6—8 
squares, but, although the solution was not boiled, part of the 
spongy cadmium always dropped off the aluminum and when 
washing was attempted went back into solution, especially when 
exposed to the air. 

A sheet platinum electrode was then tried. This was rested 
upon a piece of aluminum in the bottom of the beaker of solution. 
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Sulphate solutions of copper and cadmium were made about 
0.5% acid with HjSOi and kept at about 85°-95° for an hour or 
more. Copper precipitated out first on the electrodo beauti- 
fully, then the cadmium came down, also in a fine metallic layer 
completely covering the copper. It was noticed, though, that 
some of the cadmium adhered to the aluminum. The platinum 
electrode, coated with copper and cadmium, was removed and 
cleansed at the same time by washing it with a stream from a 
wash bottle. When it was attempted to withdraw the aluminum 
and wash it, the cadmium peeled off. On weighing the electrode 
it was found that all the copper and about three and a half milli- 
grams of cadmium out of five had been precipitated on the 
platinum. The solution was filtered immediately, but on testing 
about a milligram of cadmium was found still in solution. 

A platinum gauze electrode was then tried under the same 
conditions, — the assumption being that, owing to the greater 
degree of circulation possible with that class of electrode, prac- 
tically all the cadmium would be precipitated on the platinum 
and only a negligible portion on the aluminum. No better 
results were obtained, however, as here, too, some cadmium 
separated on the aluminum and peeled off and went back into 
solution during filtering and washing. 

These experiments, coupled with the statements of Denso 
and others, show conclusively that cadmium can not be precipi- 
tated and washed free from zinc by simply boiling with alumi- 
num in 10%-15% H 2 SO 4 solution and then filtering. 

All cadmium can be precipitated by boiling a very slightly 
acid sulphate solution (less than 0.03% acid) with aluminum, 
filtering and washing with cold water, but zinc invariably comes 
down too. A number of experiments were tried varying the 
acidity near this point, as well as the time, but whenever all 
cadmium was down zinc was also precipitated in variable quanti- 
ties up to 5 mgs. Antimony, bismuth, arsenic, copper and lead, 
however, in quantities likely to be met with in an analysis of 
zinciferous material, can be satisfactorily and neatly separated 
from zinc in sulphate solution by boiling for a half hour with a 
half dozen or more pieces of aluminum, — the solution being 
made best between 0.5% and 1.0% acid with sulphuric and 
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filtered and washed cold on a filter containing several more 
pieces of aluminum. 

The advantages of this method of separating the heavy metals 
from zinc are simplicity, and the fact that the solution is in the 
best condition for the further separating of the zinc from the 
remaining metals. 

The Electrolytic Method of Denso and Foerster 

The electrolytic method of Denso and Foerster is only for the 
separation of cadmium from zinc and the metals beyond, and 
must be used in conjunction with a method that will first separate 
the heavy metals. The description of the method by Foerster 
((Zeit. fur Angew. Chem. 19 (1906) 1890)) is as follows: 

“The 1-2 normal sulphuric acid solution of 100-200 mgs. 
cadmium is electrolyzed for two to three hours with 0.4 to 
0.5 amp., using a coppered or silvered Winkler platinum gauze 
electrode (surface area 50 sq. cm.). The washing is done with- 
out interrupting the current, the cathode washed off with alcohol 
and the latter carefully dried over a flame. 

“If zinc is present in equal or smaller amounts with the cad- 
mium, this, heretofore, very difficult separation is effected by 
first electrolyzing with 0.1 amp. for five to six hours, and then 
finally one hour at 0.5 amp., when the cadmium will be completely 
precipitated and separated from the zinc.” 

Since the amount of cadmium to be separated in a regular 
zinc analysis is usually less than 6 mgs. or . 6 % on a gram sample, 
it seemed at a glance that this could be separated in one hour at 
0.5 amp. 

The platinum gauze electrode at hand (surface area 75 sq. 
cm.) was coppered according to Denso as follows: About 250 
mgs. of copper sulphate in 100 cc of solution was heated nearly 
to boiling, two c.c. of 1 :1 H 2 SO 4 added, and then the solution 
electrolyzed at about two volts. In a half hour or less the 
cathode was coated with a fine hard plate of Cu. The electrode 
was washed, dried and weighed in the usual manner and was 
then ready for a cadmium precipitation. During the course of 
the work, however, it was found best to coat this copper pre- 
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cipitate with one of cadmium also. The completeness of the 
precipitation of cadmium depends upon the copper being com- 
pletely covered with cadmium, i.e., a cadmium electrode. The 
reason is that hydrogen is liberated from H 2 SO 4 at a lower po- 
tential on a copper electrode than on a cadmium one. This 
potential on the copper electrode is lower than that required 
to decompose the last traces of Cd SO 4 , whereas on the cadmium 
electrode this potential is above that required to precipitate the 
last of the cadmium. As a consequence, if the copper is not 
completely covered, hydrogen will be evolved upon it instead of 
the last of the cadmium. With small amounts of cadmium, like 
5 mgs., the copper is not completely covered. To plate the cop- 
per electrode with cadmium also, instead of washing and weighing 
the coppered electrode, simply remove the copper sulphate 
solution after the regular copper plating, substitute a beaker of 
cadmium sulphate, about 100 mgs., made 5%-10% acid and 
electrolyze for a half hour or so at 0.8-1.0 amp. This double 
plated electrode is washed, dried and weighed and is then ready 
for the precipitation of small amounts of cadmium. The elec- 
trode is used over and over again without re-plating. 

After numerous experiments to get the method r unning 
smoothly, the following series was run. The cadmium was 
measured out from a standard solution and an error of about 
0.3 mgs. must be allowed for this as well as about 0.2 mgs. for 
the two weighings of the electrode. 
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In only two cases was any cadmium found in the solution after 
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electrolysis and in each case then less than 0.5 mgs. There 
seems to be a tendency to run a little low, but, as the solution 
gave no test, except in the two instances mentioned, for cadmium, 
after electrolysis, the error involved is of the same magnitude 
as that of the other operations of a regular zinc separation and 
determination, viz., 0.2 to 0.4 mgs. 

In testing the solution for cadmium after electrolysis, it was 
found impossible by comparison with blanks to detect, by the 
faint color reaction, less than 0.3 mgs. of cadmium, in 150 c.c. 
of solution, containing 300 mgs. or more of zinc. 

This method of separating cadmium, combined with the alumi- 
num method or the thio-sulphate method for separating the 
heavy metals, likewise has the advantage of leaving the zinc 
solution in the best condition for analysis. Another advantage 
is that, if lead has been removed as sulphate, and arsenic, anti- 
mony and bismuth are not present, both copper and cadmium 
may be precipitated on the same electrode under the same con- 
ditions as named above. 

Thio-Sulphate and Hydrogen Sulphide Method 

The description of the method of separating the heavy metals 
and cadmium from zinc, as practiced in the German technical 
laboratories, is as follows ((Nissenson and Kettembeil, Chemk. 
Zeit. 29 (1905) 951; Nissenson Untersuch. Meth. des Zinks, 
p. 39, 48)): 

The solution of ore or other zinciferous product, is evaporated 
to the appearance of fumes with 7 c.c. of 1: 2 sulphuric acid and 
allowed to cool. It is then taken up in about 50 c.c. of hot water. 
When cadmium is present, hydrogen sulphide is led in, otherwise 
the solution is boiled with 7 c.c. of 1: 10 sodium thio-sulphate 
until the evolution of sulphur dioxide ceases, then filtered. 

Tests with pure salt solutions showed that the thio-sulphate 
would precipitate all the heavy metals in the quantity likely 
to be met with, when the above directions were followed. Cad- 
mium, however, was not precipitated. 

It was thought unnecessary to test the precipitation of the 
heavy metals with hydrogen sulphide. The precipitation of 
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cadmium by hydrogen sulphide in the presence of zinc, however, 
was made the object of numerous experiments. The following 
conditions were determined as the best after many variations 
of all the influencing factors: 

The sulphate solution of the two metals (1 to 10 mgs. cadmium, 
200 to 500 mgs. zinc) is made 10 to 12% acid with sulphuric 
acid and hydrogen sulphide allowed to pass through rapidly 
for fifteen minutes. If, at the end of that time, no precipitate 
appears, ammonia is added drop by drop until a precipitate does 
appear. The stream of hydrogen sulphide is allowed to run five 
minutes longer in the cold solution. The latter is then heated 
to 70-90° C., the hydrogen sulphide stream still passing through. 
The solution is immediately filtered and the precipitate is washed 
several times with cold 8-10% sulphuric acid and finally with 
hot water. The saturation of tbe wash acid with H^S was not 
found necessary since the resolution of even a large percentage 
of cadmium would make but a small actual error. 

Under these conditions a cadmium sulphide precipitate of 
10 mgs. of cadmium (1% on a gram ore sample) in the presence of 
500 mgs. of zinc will hold back less than 0.5 mgs. of zinc. Some 
cadmium will go through too, but numerous tests on pure salts 
and ores have shown the zinc solution never to contain more 
than 0.5 mgs. of cadmium after the separation — the two errors 
about balancing each other. 

The cadmium sulphide precipitate has a tendency to run 
through even the best filter paper, so the latter was first packed 
by pouring a little dilute ammonium poly-sulphide over it and 
then a little sulphuric acid and washing. 

The use of less acid than will just permit the cadmium sulphide 
to come down is certain to leave too much zinc occluded in the 
precipitate. Precipitating and filtering the solution cold like- 
wise greatly increases the amount of occluded zin c. 

The precipitation of the heavy metals along with cadmium 
by hydrogen sulphide necessitates using less acid than will just 
permit the sulphide to come down, since one is unable in the 
mixture of sulphides to tell when cadmium has come down. 
Working with mixtures of various heavy metals, cadmium and 
zinc salts, the author was never certain whether all the cadmium 
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was precipitated even when the solution was not acid enough to 
keep less than a couple milligrams of zinc in the precipitate. 
The experiments with ores, where one has silica present, in 
addition to the sulphides of the heavy metals, added further 
weight to the conclusion that cadmium should be separated from 
zinc by hydrogen sulphide only after first removing silica and 
the heavy metals. Further evidence in favor of this conclusion 
is the fact that the heavy metal sulphides can likewise occlude 
zinc, and, even though one could operate at the highest acidity, 
the increased mass of precipitate would be sure to hold back too 
much zinc. 

The method then resolves itself into two operations: first, 
the separation of the heavy metals from zinc and cadmium and 
the metals beyond; then the separation of cadmium from zinc, 
etc. Accordingly, one can separate the heavy metals either 
with aluminum or with thio-sulphate, and then precipitate the 
cadmium with hydrogen sulphide. 

The precipitation of the heavy metals by hydrogen sulphide 
(previous to separating cadmium) instead of by aluminum or 
thio-sulphate is not recommended, since both the latter methods 
are simpler and quicker. 

The final separation of cadmium by hydrogen sulphide has 
one disadvantage as compared with the electrolytic method, 
viz., the fact that the zinc solution has to be boiled free of hydro- 
gen sulphide, after the separation of cadmium and previous to 
the separation of zinc from iron, aluminum, etc. The time 
required, however, is about the same for the two methods. 

Conclusion 

The method of Waring and Stone, when modified, yields a 
satisfactory method for separating the heavy metals, but not 
cadmium. 

The electrolytic method of Denso and Foerster gives a satis- 
factory method for separating copper and cadmium — lead, 
arsenic, antimony and bismuth being absent or previously re- 
moved. 

The thio-sulphate method yields a satisfactory separation for 
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the heavy metals. The hydrogen sulphide method for cadmium 
yields satisfactory results only when the heavy metals have 
been previously removed. 

According to the nature of the impurities in the ore or material, 
one could take any of the above methods or combination of 
several of them and get equally satisfactory results. However, 
in the separation of cadmium by either method, the greatest 
care should be taken to observe the exact conditions, since slight 
variations will cause large errors. 

As a supplement to this work, the foilowing ore analysis are 
given: 

Four samples of the “D” ore sent out by the Zinc Committee 
of the American Chemical Society in 1906 were first run as 
follows: 

After solution in hydrochloric and nitric acids and evapo- 
rating to the appearance of fumes with 3-4 cc of cone. H 2 S0 4 , 
as in the regular procedure, the mass was diluted to about 50 cc; 
7 cc of 1 : 10 sodium thio-sulphate were added and five or six 
squares of sheet aluminum; after boiling a half hour to completely 
decompose the thio-sulphate, the solution was filtered and 
washed, leaving Si0 2 , Pb, As, S, Cu and some Cd. behind; 2 cc 
of 1 : 1 H 2 SO 4 were then added to the filtrate making the latter 
about 7-8% acid; the solution was then diluted to about 125 cc 
and electrolyzed with 0 . 8 - 1.0 amp. and at 2.95-3.05 volts for 
one and one half hours. The cathode, anode and cover glasses 
were then carefully washed into the solution; the cathode washed 
in three baths of alcohol and carefully ignited. The following 
increases in weight were found: 

6.0 mgs. 

4.5 “ 

5.0 “ 

5.1 “ 

Since the ore only contains about 0.6% cadmium, these runs 
show that practically none of it is precipitated, or remains 
precipitated, by boiling with aluminum for a half hour, and 
filtering and washing while hot, even in the presence of thio- 
sulphate. The cathode was tested for zinc, after the four 
separations, by digesting a short while in warm 1% H 2 SO*. 
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This did not remove all the cadmium coating, but, as there was 
plenty of cadmium in solution the complete solution of the zinc 
was assured. On acidfying this 100 cc solution with 10 cc of 
cone. HC1 and adding ferrocyanide, not a trace of zinc was 
found. 

The solution containing the zinc was then transferred to a 
400 cc beaker, the proper acidity attained, and the zinc pre- 
cipitated as sulphide, as will be described later. The final 
determination was made volumetrically. 

The following results were obtained on the dry ore: 

31.70% 

31.68% 

31.56% 

31.58% 


Mean 31.63% 

The solutions and precipitates of zinc ferrocyanide after titration 
were decomposed with nitric and hydrochloric acids and finally 
evaporated to thejappearance of fumes with H 2 SO<; after dilut- 
ing properly andjpassing in hydrogen sulphide the mixture of 
sulphur and cadmium sulphide, if present, was filtered off, this 
was then dissolved in a little hydrochloric acid and hydrogen 
sulphide passed into the slightly acid solution. No yellow 
coloration resulted. 

Two samples of the “D ” ore were also run in exactly the same 
way as above excepting that cadmium was precipitated by 
hydrogen sulphide as follows: 

After filtering off the precipitation of Cu, Pb, As, SiO*, and S, 
five c.c. of 1 : 1 H2SO4 were added, and the solution diluted to 
100 cc, making it about 10-12% acid; hydrogen sulphide was 
then run in rapidly in the cold, for fifteen minutes; at the end 
of that time, if no precipitate of cadmium Bulphide was viable, 
two or three drops of ammonia were added at a time until the 
precipitate appeared; after five minutes, the hydrogen sulphide 
stream continuing, the solution was heated to 70-90° C.; imme- 
diately filtered and washed several times with cold 8-10% sul- 
phuric and finall y with hot water. The zinc solution was then 
treated exactly as in the previous cases. 
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Results: 

31.60% Zn 
31.63% Zn 


Mean 31.62% Zn 
Mean of 1st series 1 
Cd separated j- 31 . 63% Zn 

electrolytically J 

No cadmium was found in the zinc ferrocyanide after titration. 
The cadmium precipitates on testing for zinc showed 0.2-0. 4 
mgs. present. The cadmium sulphide precipitate was caught 
on a filter paper previously packed by pouring over it a little 
ammonium poly-sulphide and washing out with dilute sulphuric 
acid. A little cadmium went through at first as evidenced by 
the faint color of the first part of the filtrate, but that this was 
not more than 0.3-0.4 mgs., about balancing the zinc held back, 
was shown by the tests of the zinc solution after titration, which 
yielded no color; the limit under the conditions named, where 
cadmium is traceable, is about 0.3-0.4 mgs. 

The Separation of Zinc, from Iron, Aluminum and 
Manganese 

But two ways of separating zinc from iron, aluminum and 
manganese need to be considered. The ammonia and bromine, 
or ammonia and hydrogen peroxide or persulphate method, 
which precipitates the three mentioned elements leaving zinc and 
the metals beyond, like calcium magnesium and the alkalies, in 
solution, and the hydrogen sulphide method, which precipitates 
the zinc and leaves all the above mentioned metals in solution. 

Separating Iron, Manganese and Aluminum with Ammonia 

The second method, namely precipitation of iron, manganese, 
and aluminum by ammonia and bromine or hydrogen peroxide, 
has been made the object of numerous investigations, all of which 
lead to the same conclusions, namely, that only with materials 
low in the above mentioned impurities is it possible, even with 
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two precipitations to keep the retention of zinc by the precipitate 
below 1 mg. In ores and materials containing up to 5% of iron, 
less than 0.5% of aluminum and less than 5% of manganese, 
it is possible, in the presence of ammonium chloride and with 
careful washing with ammoniacal ammonium chloride, to pre- 
vent more than 1 mg. being retained by the precipitate on a half 
gram sample, but with ores like Franklinite Colorado Concen- 
trates, Broken Hill Concentrates and Japanese Blendes and 
materials like retort residues, and oxide clinkers, it has been 
found absolutely impossible to make a satisfactory separation 
using the ammonia method, even after three or four reprecipi- 
tations. The evidence on this point is so varied and extensive 
that only a few of the more important articles on this subject can 
be mentioned. The most important articles are by Prosst & 
Hassreidter (Zeit. fur Angew. Chem. 5 (1892), 166), E. Jensch 
(Zeit. f. Angew. Chem. 12 (1899), 465), Hampe & Fraatz (Zeit. 
fur Berg. Hutten and Salinenwesen 25 (1879), 253), Waring (Joum. 
Amcr. Chem. Soc. 26 (1904), 4) and the Report of the Zinc 
Committee of the American Chemical Society. The evidence 
given by the above authorities is sufficient to rule out the am- 
monia method for high iron, manganese and aluminum ores 
and materials, without adding the authors accumulated evidence 
of several years’ experience with just such ores and materials. 

The Sepabation op Zinc as Sulphide 

The separation of the zinc, as sulphide, from iron, manganese, 
etc., has been investigated time and time again. In most cases 
the directions given for precipitation are very general and in- 
definite indicating uncertainty in their author’s mind. In 
practically every case, the acidity is too low to prevent consider- 
able iron coming down with the zinc, although the authors claim 
a good separation. While the writer has not tried all of the 
various sulphide precipitations, he has tried those made in the 
most acid solutions, and finds that even when a solution is acid 
enough to keep 0.5 mgs. of zinc in solution per 200 c.c., as much 
as 0.5 mg. of iron may be precipitated with the zinc if the zinc 
and iron are present in about equal quantities. 
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The Zinc Committee of the American Chemical Society have 
recommended a modification of Zimmerman’s method (Ann. 
Chem. 199 (1879), 1 u. 204 (1880), 266) of precipitating zinc 
sulphide. The author, as well as numerous other experimenters, 
has never been able to get a precipitate, following the directions 
of this committee, that could be filtered and washed properly 
in less than an hour’s time. Furthermore, the amount of iron 
retained by such a precipitate varied from 1.5 mgs. to 3.0 mgs., 
when precipitating 200 mgs. of zinc in the presence of an equal 
amount of iron. In many cases the precipitate ran through the 
best grade of filter paper, and in others, the solution washed so 
slowly that a clean precipitate was impossible. Washing the 
precipitate with hot water, as recommended in the above men- 
tioned method, was abandoned after one or two trials showed 
several milligrams to have been carried through by a couple of 
washings. 

Referring to Zimmerman’s original articles, the author finds 
that Zimmerman allowed his precipitate to stand hot for six hours 
after precipitation. He never precipitated more than 100 mgs. of 
ZnO in the presence of an equal amount of iron and never tested 
his precipitates for iron. The author doubts that even after 
standing six hours, that the precipitate possessed good filtering 
qualities, since the free hydrogen sulphide in solution would be 
constantly oxidized to sulphur, which would clog up the pores 
of the filter. The six hour wait, the uncertainty of the filtering 
qualities of the sulphide, and the certainty of high iron enclosure 
on account of low acidity, make the Zimmerman method unde- 
sirable as compared to the Weiss method, which will be described 
later. Nissenson’s review, as well as the author’s careful review 
of the many original articles bearing on the sulphide precipita- 
tion, leads to the conclusion that G. Weiss (Inaugural Disserta- 
tion Miinchen 1906) has made the best investigation of the 
subject. Weiss’ work is unusually thorough and leads to logical 
conclusions and definite directions for making the sulphide 
precipitation. The following are some of Weiss’ conclusions 
with the present writer’s comments on the same: 

I — “Sulphate solutions are preferable to chlorides.” A to 
chloride solution is not completely precipitated by H 2 S. Fur- 
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thermore, the precipitate of sulphide from HC1 solution when 
quantitative is not crystalline and easy to filter like that obtained 
from sulphate solution. 

II — “The concentration of a sulphate solution is without 
influence on the completeness of precipitation from tV down. 
That is for solutions containing at most 400 mgs. ZnO per 100 
cc.” In the Modified Waring method 125 mgs. ZnO per 100 cc 
is set as the limit. In the methods of Hampe, Delfs, Beilstein, 
Bragard, Von Berg and others confusing and conflicting degrees 
of limiting concentration are set in a great variety of mixed 
organic and mineral acids. None of the conditions have been 
worked out as carefully as those by Weiss and in none are the 
conditions as simple and as easily maintained. 

III — “ Sulphate solutions of 400 mgs. ZnO per 100 cc may be 
t od acid with H 2 S0 4 before beginning to precipitate.” Even at 
acidity trir before precipitation less than a milligram of Zn remains 
unprecipitatod. This is a much greater degree of acidity than 
used by Waring or any of the other experimentors mentioned. 
For example, in the modified Waring method, the precipitation 
of 300 mgs. of Zn from sulphate solution would be made in 300 cc 
with the addition of five drops of 20% formic or hydrochloric 
acid. According to Weiss, if the solution were diluted to 300 cc 
1.3 gms. of H 2 SO 4 could Be added or 6 | cc of 20 % H 2 SO 4 , and 
still have the precipitation complete. Even if as much as 10 cc 
of 20% acid were added the loss would still be only a little more 
than 1.0 mg. Precipitating 300 mgs. from 100 cc., however, 
only 100 mgs. or % cc of 20% acid could be added. This means 
that when the solution becomes more acid than 550 mgs. of 
H 2 SO 4 per 100 cc the precipitation of ZnS ceases. Knowing 
approximately the Zn content of a solution one can easily calcu- 
late the H 2 SO 4 , freed when the ZnSC >4 that is converted into ZnS, 
and the difference between 550 mgs. and this calculated H 2 SO 4 
is the amount of acid that may be added when precipitating 
from 100 cc of solution. For two hundred cc. of course more 
acid can be added, being the difference between 1.100 gms. and 
the calculated H 2 SO 4 , freed from the Z 11 SO 4 . One and one-half 
times the amount of Zn judged to be present is close enough for 
the H 2 SO 4 freed. 



32 


Original Communications: Eighth International [vol. 


IV — “The precipitation, under the above given conditions, is 
incomplete when a slow current of hydrogen sulphide is used 
(about four bubbles per second) one must work with as fast a 
stream as possible without causing mechanical losses (at least 
eight bubbles per second).” Weiss is the first one to discuss 
this all important question in the precipitation of ZnS. His 
explanation of the efficacy of the rapid stream of H»S is as 
follows: 

The precipitation takes place according to the following 
equation: — 

ZnS0 4 +H 2 St;ZnS+H2S04 

Equilibrium is reached, i. e., the velocity becomes equal in both 
directions, and precipitation ceases when the amount of H2SO4 
per 100 cc reaches a certain point, under a given set of condi- 
tions. Let these conditions remain exactly the same with the 
exception of the H 2 S and have the active mass of that increased. 
The equilibrium will be displaced from left to right and as a 
consequence ZnS will come down in the presence of more acid 
than before. H 2 S is not very soluble in water at room tempera- 
ture but if one increases the surface of contact between the two 
the H 2 S is dissolved much more rapidly and consequently the 
mass of H 2 S active at any one time greatly increased. This is 
exactly what is accomplished when the Zn solution is constantly 
kept full of bubbles of H 2 S. One can easily see how greatly 
increased the mass of H 2 S would be in the extreme case, when 
the solution is all foam. Waring in his original method par- 
tially accomplishes the same result, namely, increasing the 
active mass of H 2 S, by working in a closed flask under pressure. 
He, however, works in very hot solution and at such slight pres- 
sure that the effect of the increased solubility due to pressure 
is outbalanced by the tendency to dissolve less freely owing to 
the elevated temperature. This is evidenced by the low degree 
of acidity he is able to work at. In the cold, no doubt, Waring’s 
closed flask, with increased pressure, would enable one to work 
at as high or higher degree of acidity as with the rapid stream of 
H 2 S but the closed flask is an unnecessary complication when 
one can use the much more convenient beaker. 

V — “A strong current of gas, like that called for above, will 
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precipitate the usual amounts of Zn used in analytical operations 
in forty minutes.” 

VI — “At temperatures above 50° the precipitation is incom- 
plete; furthermore, at room temperature the ZnS comes down 
in a form suitable for filtration.” 

Weiss found that not only were the precipitations incomplete 
at high temperatures, but the precipitate was finer and much 
more difficult to filter. The author has found the greatest 
difference in good filtering qualities between the precipitates 
obtained by Waring’s method and those obtained by the Weiss 
method. No Zn was left unprecipitated, however, owing to the 
dilute solution used in the Waring method. 

VII — “Water only is required for washing the precipitates.” 
Weiss only used cold water whereas hot water is recommended in 
the modified Waring method. The author had to dispense with 
hot water and use cold after a couple of trials with the Waring 
precipitates as the hot water and acid always dissolved consider- 
able quantities of Zn. 

Working with solutions ttstj acid before precipitation and 
observing the above conditions Weiss precipitated and separated 
ZnS from varying amounts of nickel beginning at four parts Zn 
to one part Ni and going up to one part Zn to four parts Ni. 
Figures are given for every separation indicating an accuracy 
to within 0.5 mgs. The ZnS precipitate after conversion and 
weighing as ZnO was dissolved in HC1, neutralized with ammonia 
and precipitated with colorless sodium sulphide. “The ZnS 
was always pure white showing it to be free from nickel.” From 
the work the author has done on precipitating Zn from solutions 
containing iron under the same conditions as Weiss maintained 
in the case of solutions containing nickel, he is inclined to doubt 
the complete purity of the ZnS precipitate obtained by Weiss. 
Working with a solution containing three parts Zn and two parts 
Fe, between 0.3 — 0.7 mgs. of Fe came down with a Zn precipi- 
tate of 300 mgs. Since nickel sulphide is partially precipi- 
tated from neutral mineral salts (Baubigny, Compt. Bend. 1882, 
94, 1183; 95, 34), while iron sulphide is not precipitated appreci- 
ably from neutral mineral salts, zinc sulphide should bring down 
or retain more Ni from a Zn-Ni solution than Fe from a Zn-Fe 
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solution. Tests show that 0.5 mgs. of Fe or Ni sulphide will 
only give a faint grey color to 300 mgs. of Zn as sulphide in a 
hundred c.c. of solution. 

Weiss does not take up the separation of Zn from Fe but the 
conditions that will separate Zn from Ni are more than sufficient 
to separate Zn from Fe, for the reason already given. Manga- 
nese and aluminum require alkaline solution to produce even 
the slightest precipitation and are therefore not precipitated 
with the ZnS even when the solution is kept nearly neutral with 
sodium acetate. Numerous ZnS precipitates have been tested 
for these two elements and, if any, only traces found. 

With regard to the small amount of iron the author always 
obtained with the ZnS precipitate, while Weiss obtained no 
nickel under the same conditions, it may be that the more rapid 
and more effective washing, possible when filtering on a Gooch 
as compared with a paper filter and no suction, except that of 
the column in the funnel neck, prevents some Fe from precipi- 
tating as sulphide when the acid solution left on the paper is 
diluted by the wash water. A similar common phenomenon was 
first observed by Larsen (Zeitschrift f. Anal. Chem. 17 (1878) 
312) in the precipitation of CuS in the presence of Zn. The 
author has noticed this after precipitation, particularly in the 
case of the separation of Cd and Zn by means of H 2 S where it 
was found necessary to wash with acid at first rather than water 
in order to keep ZnS from coming down in the diluted solution 
on the paper. In the four ores run by the author where the 
ZnS was washed on a Gooch after Weiss, however, the amount 
of Fe in the precipitate was no less than that usually found when 
the filtration and washing was done on paper. 

With regard to the completeness of the precipitation of ZnS 
Weiss’ results, by the oxide method, indicate a few tenths of a 
milligram to be left behind on the average. The author finds 
this the case too; the mean of some fifty or more second precipi- 
tations from neutral solution, the Zn estimated with ferrocyanide, 
yielding about 0.2-0.3 mgs. as left behind. In no case was 
more than 0.5 mgs. found. 

So much for the precipitation of zinc sulphide. It might 
be added here that Weiss also tried to determine Zn by pre- 
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cipitating as carbonate and blasting to oxide. He found the 
precipitate to contain both silica and alkali in quantities up to 
5 mgs. and the method therefore unsuited for quantitative work. 

Solution of Ore or Zinciferous Material 

The author’s work on methods of solution disclosed nothing 
new, merely verifying the observations of others of the presence 
of small amounts up to 0.3% of acid insoluble zinc in Franklin 
Furnace Ores. For most purposes it is unnecessary to determine 
this acid insoluble zinc, but if it is desired it can readily be de- 
termined by evaporating the acid insoluble residue with hydro- 
fluoric acid and then fusing with acid potassium sulphate. The 
acid insoluble zinc is present in a whole series of minerals, the 
two important ones, however, are Grahnite and Rhodonite. As 
was remarked under the head of Separation of Zinc From Silica, 
the author finds that highly siliceous materials can be filtered 
and washed free from zinc much more rapidly when the silica 
has been dehydrated with sulphuric acid than when hydro- 
chloric acid is used. As the separation of the heavy metals, cad- 
mium, iron, manganese and aluminum from zinc requires a 
sulphate solution, all materials that are to be run by the standard 
method are evaporated to appearance of fumes of sulphuric 
acid after getting them into solution with hydrochloric acid. 

The Proposed Standard Method in Toto 

It is fortunate that the best procedure in each of the three 
fundamental operations of zinc analysis fit together better than 
any other combination. The proposed standard method in toto 
consists then in the following combination of the methods selected 
as being the best for each of the three fundamental operations of 
a zinc analysis. 

One-half gram, in case of materials containing more than 
50% zinc, and one gram in case of materials lower than that in 
zinc, is weighed out into a tall lipless Jena beaker of 150 c.c. 
capacity, moistened with a little water and 10 c.c. of HC1 (1.20 
specific gravity) added, slipping a cover glass over immediately. 
A sample for the moisture determination at 110° is taken at the 
same time. The sample in which Zn is to be determined is then 
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boiled moderately for a half hour or so on a hot plate. The 
cover glass is removed, 10 c.c. of 1 : 1 sulphuric acid added, and 
the whole evaporated slowly to appearance of strong fumes of sul- 
phuric acid. In the case of very silicious materials, it is better 
to break free the silica adhering to the glass with a stirring rod 
before adding the sulphuric acid. The solution is then diluted 
to 40-50 c.c. and about a gram of aluminum powder added. The 
cover glass is again put on and the whole boiled until water 
white — (about 10-15 minutes are required). This will reduce 
the iron and precipitate all the hydrogen sulphide metals except 
cadmium. The silica and precipitated metals are then filtered off. 

One c.c. of 1 : 1 sulphuric acid is then added to the filtrate, 
in case cadmium is to be removed electrolytically, the solution 
diluted to 125 cc and then electrolyzed with 0.8-1.0 amp. per 
100 sq. cm. electrode area for one and one-half hours at 2.95- 
3.05 volts. 

In case cadmium is to be removed with hydrogen sulphide, 
5 c.c. of 1:1 sulphuric acid are added, and after diluting to 
100 c.c. a rapid stream of hydrogen sulphide is passed through the 
solution for 15 minutes. Dilute ammonia is then added drop 
by drop, until the yellow cadmium sulphide starts to come down. 
The solution is then heated to 79-90° C., continuing the current 
of hydrogen sulphide, and then filtered through a filter paper 
previously packed by washing with poly-sulphide, an acid and 
water. The precipitate is washed with cold 8-10% H2SO4, 
and finally with hot water. 

The filtrate is then boiled to remove hydrogen sulphide. A 
rod of aluminum will help the boiling-off process considerably. 
The solution is cooled, neutralized with caustic potash and sodium 
bicarbonate to within an acidity equivalent to a couple of drops 
of 20% sulphuric acid, and from two to four c.c. of 5% sulphuric 
acid added, according to the amount of zinc present per 100 c.c. 
of solution. A rapid stream of hydrogen sulphide is then passed 
through the solution for forty minutes. After settling ten or 
fifteen minutes, the zinc sulphide is filtered off and washed with 
cold water. A hole is punched in the filter paper and the sul- 
phide washed back into the beaker in which it was precipitated. 
The filter paper and glass tube are then washed into the same 
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beaker with 10 c.c. of HC1 in hot water. The resulting solution 
is boiled for fifteen minutes to remove hydrogen sulphide, 13 
c.c. of ammonia (90 sp. gr.) added, this in turn neutralized with 
3 c.c. cone. HC1, (1.20 sp. gr.) excess of the latter added, and the 
whole diluted to 200 c.c. 

The ferrocyanide titration has already been described under 
the head of the determination of zinc in pure solution. The ferro- 
cyanide is standardized with amounts of zinc corresponding 
very closely to the amount present in the ore sample. The 
amounts of ammonium chloride and free hydrochloric acid 
present in the standards should of course be the same as in the 
ore sample. A ferrocyanide solution 1 c.c. equal to 10 mg. of 
zinc, has a temperature coefficient sufficient to decrease the factor 
0.2% per 5° C. rise in temperature, so care should be taken that 
no sharp change of temperature between standardization and 
ore titration occurs without being corrected for. The metallic 
zinc used for standardization should contain less than 0.03% 
lead and 0.02% iron and less than two hundredths percent of 
other impurities. The surface should be scraped clean of oxide 
before cutting. Merck’s and Kahlbaum’s best grade of stick 
zinc both meet these requirements as does Baker and Adamson’s 
and Eimer and Amend’s powdered zinc. The powdered zinc, 
however, has to be examined very carefully before weighing, as 
it invariably contains foreign material as well as granules that 
are oxidized to a visible extent. 

The standard method is considerably shortened when cad mium 
is absent or present in quantities less than 0.05%. If an ore 
runs very unif orm in cadmium, as many ores do, a constant 
deduction may be made for it after having once determined its 
influence, instead of separating it as a regular procedure. 

In concluding this paper, the author wishes to state that 
he realizes that there are faults to be found with the method, but 
urges every chemist doing zinc analysis to give it a trial and 
report their results, remembering always that the method is 
designed as a check on the rapid methods, which can be gotten 
up for each class of ores, after one becomes familiar with their 
possible variations in constitution, and is not intended as a sub- 
stitute for these rapid methods in regular routine work. 




A NEW METHOD FOR THE ANALYTICAL AND QUAN- 
TITATIVE SEPARATION OF MERCURY 
FROM BISMUTH 

Prof. Adolfo P. Castanares 
Mexico City 

The separation and quantitative determination of Mercury 
and Bismuth can be easily made, and with great precision, if 
notice be taken of the fact that mercuric compounds, when hot, 
are not precipitated by ammonium carbonate, provided that the 
solution used be highly acidified with nitric acid; whilst, under the 
said conditions, the Bismuth is totally precipitated. 

From the experiments I have made, it appears that the best 
conditions for obtaining a complete separation are found when 
the concentration of the mercury in the solution does not mate- 
rially exceed 0.1 gramme per cent. 

The following, is the technique of the operation: First the 
solution containing mercury and bismuth is acidified with con- 
centrated nitric acid (D. 1.42), 5 cubic centimetres of the latter 
being added for every 100 c.c. of the solution. The resulting 
mixture is heated in a water-bath up to about 60° C. Then a 
10 per cent solution of ammonium carbonate, containing 1 per 
cent of ammonia, is added, this being done slowly and carefully 
in view of the evolution of C02, until a decidedly alkaline reaction 
occurs. The temperature is raised to 80° C., and is maintained 
by frequent stirring until no more C02 is expelled. The pre- 
cipitate is allowed to settle and is filtered off. 

If the solution only contains the two metals in the state of a 
nitrate, it can be filtered off directly in a Gooch crucible, pre- 
viously brought to red heat, the precipitate being washed with a 
1 per cent solution of ammonia (D. 0.90). The precipitate, 
formed of basic nitrate and carbonate of bismuth, is dried at a 
temperature of 100° C. and is then repeatedly heated to red heat 
to constant weight. From the weight of the Bi203 obtained is 
deducted the amount of bismuth. When the solution contains 
chlorides, the precipitate obtained by the carbonate has to be 
filtered, dissolved in dilute nitric acid and evaporated. The 
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residue has to be treated three or four times with concentrated 
nitric acid, being evaporated each time in a water-bath (for then, 
as has already been stated by several writers on the subject, the 
precipitate contains oxychloride of bismuth, which, on being 
brought to red heat, is subject to losses on account of its vola- 
tility), so that it may be transformed into nitrates and precipi- 
tated in that form by carbonate of ammonium, or by phosphate of 
ammonium, the latter being the method I have preferred, follow- 
ing the suggestions of L. Moser (Zeitschr. f. Anal. 45, (1906) 19). 

In both cases, the filtered liquid, which results from the treat- 
ment of the solution with ammonium carbonate and contains 
all the mercury in solution, is warmed, treated with a slight excess 
of freshly prepared sulphide of ammonium, boiled for a few 
minutes, left to settle and is then filtered in a Gooch crucible 
heated up to 100° to 110° C., it is washed with water containing 
sulphide of ammonium in solution, then again with absolute 
alcohol, and is dried at a temperature of from 100 to 110° C. 
Under these conditions, the HgS obtained is free from sulphur 
and no further treatment with carbon bisulphide is necessary. 

For the purposes of my investigations I prepared two solutions 
one of HgC12 (chemically pure) in distilled water and the other 
of bismuth (Bismutum purissimum) in nitric acid, and carefully 
tested both. 

The following were the results obtained on analyzing mixtures 
(in varying proportions) of both solutions: — 


HgS Bi 


Calculated 

Found 


Calculated 

Found 


0 . 1244 grs. 

0.1242 grs. 

0.1350 grs. 

0.1351 grs. 

0.1244 

yy 

0.1240 

yy 

0.1404 ” 

0.1406 

yy 

0.1295 

yy 

0.1294 

yy 

0.1458 ” 

0.1458 

yy 

0.1343 

yy 

0.1338 

yy 

0.1350 ” 

0.1347 

yy 

0.1443 

yy 

0.1445 

yy 

0.1566 ” 

0.1570 

yy 

0.1492 

yy 

0.1489 

yy 

0.1620 " 

0.1623 

yy 

0.1492 

yy 

0. 1491 

yy 

0.1566 ” 

0.1565 

yy 

0.1393 

yy 

0.1389 

yy 

0.1620 ” 

0.1627 

yy 


The method, as can be readily observed, in addition to its 
simplicity and rapidity, possesses the advantage of being very 
precise, a quality worthy of being taken into consideration. 




REPORT OF THE SUB-COMMITTEE ON STANDARDI- 
SATION OF METHODS ON DETERMINING WATER 
IN COALS AND OTHER FUELS AND IN 
MINERALS OF THE INTERNATIONAL 
COMMITTEE ON ANALYSES 

PRESENTED BY 

R. Lessing, Ph.D. 1 

President of Sub-Committee: G. T. Holloway (England); Vice- 
President: J. H. Costs (England); Members: Htjybrechts, 
De Koninck (Belgium); Stansfield (Canada); Andrews, 
Bannister, Burgess, Clowes, Hills, Hodgkinson, Huntly, 
Lessing, Pollard, Powney, Rosenhain, Seyleh, Stead 
(England); Cohade, Lacombe, Nicolardot (France); T. W. 
Fresenius (Germany); Baucke (Holland) ; Constam (Switzer- 
land); Johnston (Transvaal); Baskervillb, Hxllebrand, 
Prager (United States). 


The purview of the committee as defined in a circular letter 
issued by the President in March, 1911, includes the considera- 
tion of : 

1) The determination of moisture and of combined water, 
including water of hydration and of crystallization. 

2) The limits of accuracy possible or desirable in general or 
special cases. 

3) The errors which would be introduced into other portions 
of an analysis by the use of a defective method of water deter- 
mination as for instance, in the case of fuels, where combined 

(1) This Report has been written by the President and Vice-President 
who have consulted such Members of the Sub-Committee as were available. 
It was obviously impossible for the whole Sub-Committee to meet but, in 
framing the Report, every endeavour has been made to give due weight to 
the suggestions and work of those Members who have communicated with 
the reporters. 
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water other than that actually determined, would frequently 
be calculated out as hydrogen. 

4) Methods of general application or suitable only to special 
cases or types of fuel or mineral, such as the effect of the use, 
and limitations of the use, of so-called inert gases, absorbents, 
vacuum drying, etc. 

Indirect methods, such as the liberation of hydrogen by the 
action of the water on calcium carbide, etc., may be considered 
under this heading. 

5) Methods of sampling, storing and of generally dealing with 
the material to be examined, so that errors other than those due 
to the method of analysis shall be minimized. This is important 
in all cases, but especially in connection with coal and coke. 

The following extract from the same letter usefully supple- 
ments the above summary: 

“It must be remembered that the term ‘water’ includes 
water in any form, free or combined, and not moisture only, and 
that, although the methods of determining water in mineral sub- 
stances and in fuel, are in many cases similar, the conditions 
and requirements often differ considerably. 

“It may therefore prove advisable to consider the committee 
as being divided roughly into two sections, one for fuel and one 
for minerals, although they will work in conjunction and will 
furnish a joint report, possibly divided into sections. Such mem- 
bers as are specially interested in either branch may therefore, 
should they think best, devote their attention mainly to such 
branch, although their opinions are solicited also in connection 
with the other branch. 

“The determination of water is much more difficult, and its 
technical and scientific importance is far greater than appears at 
first glance. In fuel, its bearing on the determination of hy- 
drogen is extremely important, as the combustion method, in 
which the water produced is calculated out as hydrogen, is 
commonly employed and is often used in calculating out calorific 
values, etc. 

“It would probably be correct to state that no really accurate 
determination of hydrogen in coal has yet been made, on ac- 
count of the presence of combined water in the mineral con- 
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stituents which ultimately, after being de-hydrated constitute 
the ash. 

“In the case of minerals, instances frequently occur where 
generally accepted and apparently correct methods of determin- 
ing water prove to be inapplicable or to require substantial 
modification. 

“It is proposed that the report of the committee shall include, 
not merely suggestions as to standard or special methods, but 
general recommendations as to difficulties which are still unsur- 
mounted and, so far as possible, suggestions as to researches 
still remaining to be carried out.” 

It has not been found possible to cover the whole ground of 
the reference to the committee since, owing to the fact that 
members have many other onerous duties to perform, the amount 
of active experimental work done has been limited. Neverthe- 
less, a great deal of useful work has been done on one most 
important branch of the subject, the determination of water in 
coal, and many useful suggestions on other matters have been 
received. It is felt that the hope expressed in the President’s 
circular that“ The Committee’s Report should thus possess a 
value beyond that belonging to a mere statement of the results 
obtained by its members as, in addition to suggesting standard 
methods of conducting determinations of water and reporting 
results, it should provide members of the profession with the 
keynote for further research” has, to a not inconsiderable extent, 
been fulfilled. 

Owing to the great preponderance of the work on Coal, it has 
been found necessary to confine the report to the consideration 
of Fuel, although much is directly applicable to minerals, and it 
is hoped that the members and others will not only continue 
their work on fuel, but will carry out researches in connection 
with minerals on the above and other lines. The suggestions 
which have been received regarding minerals have been too few 
and too scattered for inclusion in this report, but show the 
desirability of continuing the work and of the issue of another 
report relating especially to minerals or the publication of 
individual papers dealing with that most important subject. 

The work done has convinced those who have drawn up the 
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report that the recommendations embodied in it can only be 
considered as of a tentative character and by no means as 
indicating anything like finality. 

The distinction, by analytical methods, between water present 
as “moisture,” “water of combination” and “water of crystal- 
lization” offers great difficulty in view of the varying conditions 
under which different substances part with water present in the 
two latter forms, and of the fact that the amount of water present 
in the somewhat indefinite form of moisture appears to be fairly 
sharply defined by the nature of the substance with which it is 
associated and the atmospheric conditions prevailing at the 
time. 

I 

The Detebmination of Watee in Coal 

On the suggestion of several members of the committee a 
series of six samples of coal marked 1 to 6, ranging from an 
anthracite to a coal containing over 12% of sulphur, were sent 
to members who were able to do experimental work for this 
report. They did not cover the range which had been desired; 
but shortness of time rendered it necessary to send what was 
available. 

The samples sent out were prepared as follows: 

A quantity of the coal was ground in a Krupp ball-mill and 
sifted through the 100 mesh standard 1 mm. sieve having l-200th 
inch apertures. The coal thus prepared was left exposed for 
some days in shallow trays so as to be thoroughly air dried under 
atmospheric conditions. Lots of about 200 grams of each 
sample were tinned off, 30 tins of each sample being charged 
and sealed at the same time. At uniform intervals during such 
charging, small glass tube samples were taken and immediately 
sealed with the blowpipe. Twelve such tubes were taken from 
each of the six samples and some of them have been kept as 
reference samples; the remainder have been tested as described 
in Section 5 of this part of the report. 

The lever top tins had been previously tested and found to be 
practically but not absolutely air tight. The lids, after being 
forced into place, were therefore sealed by means of rubber 
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solution which has been proved harmless and effective, and 
safer and better than soldering. The samples sent out to each 
member of the committee may be relied upon as being identical, 
and as truly representative of the air-dried coals. 

Many different types of grinder, in addition to the ball-mill, 
were tried, including the ordinary coffee-mill type and disc 
grinders, but the ball-mill was actually employed, as less loss of 
water was experienced. Even though three large disc grinders 
were used, two cooling while the other was in use, considerable 
loss of water occurred, and no method of grinding, except in a 
sealed vessel, appears to overcome this objection. This point 
was brought out in the report of the American Chemical Society 
Committee. 

The following table shows the approximate amounts of mois- 
ture, volatile matter and ash in the samples: 

Sample number 1 2 3 4 5 6 

% % % % % % 

Moisture 3 10 8 6 7 8 

Total volatile matter ex water 5 35 34 23 33 27 

(Ex Sulphur) 

Ash 8 Zh 4* 37 8* 10 

These figures are extremely rough and are merely given as an 
indication of the type of coal. 

N° 1 is an anthracite from South Wales. 

N°2 is from the “10 yard” or “thick coal” seam of South 
Staffordshire (England), which, in many respects, resembles a 
lignite and which extends under the whole of South Stafford- 
shire. It has never yet been coked in practice. As mined, it 
contained 10 or 11% of water, 5% of hydrogen and 13% of 
oxygen. 

N° 3 is from the Kilbum seam of Leicestershire (England) 
and is a coking coal largely used for general and household 
purposes. 

N° 4 is a coal from South America, and is interesting in 
connection with moisture determination on account of its high 
content (4,2% volatile and 8,2% non volatile). No pyrite is 
viable or can be washed out, but the coal rapidly weathers and 
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Heated in 

Wiesnegg oven. 

Electrically heated oven, 100- 
105°. 

Electrically heated oven, 100- 
105°. % 

Oven with air circulation at 
105°. 

Toluene oven. 

Thermostat at 105°. 

Toluene oven. 

Toluene oven with air current. 

Air bath with 2 thermometers, 
105?. 

Air bath with 2 thermometers, 
105°. 

Air bath with 2 thermometers, 
105°. 

V. Meyer Toluene bath. 

Air bath with current of dry air. 

D’Arsonval oven with glycerine 
bath, with Roux bimetallic 
regulator 105 Q . 

Oven at 105°. 

Toluene bath. 

Maximum 

g 

| 

.a 

1 

£ 

Platinum crucible. 

Porcelain crucible. 

Porcelain crucible. 

Porcelain crucible. 

Platinum crucible. 

Watch glasses. 

Shallow stoppered weighing bot- 
tles. 

Porcelain crucible, weighed cov- 
ered. 

Weighing bottle. 

Porcelain crucible. 

Berlin porcelain crucible 00 

Watch glasses. 

Nickel boat weighed in tube. 
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develops free H 2 So 4 and FeSO 4 . It contains 35% C and 3%H 
and has a calorific value of about 7,000 B. T. U. Its ash contains 
about 47% FeK) 3 , 17% APO 3 , 35% SiO 2 , only 0,72 % S and less 
than 0,5% of CaO or HgO. As might be expected, it clinkers 
badly, but it is used locally owing to high cost of imported coal. 

N° 5 is an ordinary bituminous coal from Leicestershire. 

N° 6 is a somewhat less bituminous coal from the Southeast 
of Scotland. 

Members of the Sub-Committee were asked to determine the 
moisture in the coals sent to them: 

1. By the “American Standard” method: 

a) Heating for 1 hour in a toluene or similar bath. 

b ) Heating for 2 hours in a toluene or similar bath. 

2. By the method ordinarily employed by them. 

3. By a vacuum method if 2 be not a vacuum method. 

(See sections of this report 1-3). 

Several members experimented with other methods, which in 
this report are included under section 4. 

The results obtained by members using the various methods 
follow under the sectional headings indicated above. A list of 
the members who undertook this work is appended. 

The best thanks of the reporters are due to these gentlemen 
who by their efforts have assisted in advancing the important 
question at issue at least a few steps nearer a final solution. 

The Roman numeral after a name indicates the results in the 
tables for which the member or members may be responsible. 


E. R. Andrews XII 

C. O. Banister XVI 

H. Baucke Ill 

W. T. Burgess X 

Staff of Messrs. Schneider and C°, Le Creusot XIII 

E. J. Constam — XV 

J. H. Coste XII 

H. F. Hills IV 

G.N. Huntly VII 

M. Huybrechts XIV 
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A. Mo. Arthur Johnston IX 

L. L. de Koninck XIV 0 

G. Lacombe I 

R. Lessing VIII 

C. Nicolardot II 

W. Pollard XI (*) 

W. E. F. Powney XII (*) 

Prager — 

W. Rosenhain V 

C. A. Seyler VI 


1A 

Standard American Method 

The following method for the determination of moisture in 
coal is taken from a report of the committee of the American 
Chemical Society on Coal Analysis (W. A. Noyes, W.-F. Hille- 
brand, C. B. Dudley), J. Am. Chem. Soc. 1899, XXI, 1116-32. 

One gramme of the coal is dried in an open porcelain or plati- 
num crucible at 104° to 107° C. for one hour, preferably in a 
double-walled bath containing pure toluene, although any bath 
giving the necessary temperature may be employed. Cool in a 
desiccator and weigh covered. Longer heating is undesirable, 
as oxidation and increase in weight occur. A higher temperature 
is not advisable, although the results obtained when using a 
Xylene bath (138° C.) indicate that variations of several de- 
grees in the temperature of the bath if sufficiently above the 
boiling point of water have no effect. 

This method is entitled to serious respect as the outcome of a 
considerable amount of work by the above committee. It is 
probably very largely, but by no means universally, used. 
This is shown by the fact that several Members of the present 
Sub-Committee do not ordinarily use this method or any modifi- 
cation of it. 

1 (2 names) Worked together. 

* Assisted by Mr. E. G. Radley. Results published by permission of the 
Director of H. M. Geographical Survey. 

* (3 names) Worked together. 
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We have indicated in the table the various arrangements used 
by workers. This information we supplement by a few more 
detailed notes. 

I. — The Wiesnegg oven is an inner porcelain vessel heated 
by tube burners and contained in an outer cast bronze 
vessel, between which and the porcelain the products of 
combustion escape. 

II. — The electrically heated oven had triple walls and was 
heated by means of a nickel-iron "coil outside the drying 
vessel. A thermometer, placed with the bulb on a level 
with the vessels used to hold the coal, did not vary day or 
night. It remained at 105° C. The double walled gas 
heated oven used by this worker for some of his experiments 
did not vary in temperature by 1-10°. The supply of gas 
was regulated by a governor. 

V. — The thermostat was heated by steam under such a pres- 
sure as to secure a temperature of 105°. The results 
shown are mean of closely agreeing duplicates. 

VII. — Weighings corrected for errors of weights but not re- 
duced to vacuum. Duplicate estimations separately sam- 
pled down from bulk. Bottles cooled in desiccator over 
fresh HW. 

VIII. — Crucibles and closed bottles cooled in calcium chloride 
desiccator. 

X. — Upper part of bath protected by flannel cover. Cruci- 
bles placed on perforated shelf under which were two other 
copper shelves, close but not in contact. 

XII. — Tube air bath described Jour. Soc. Chem. Ind. 1896, 
XV, 417. Temperature inside bath within 1° of that regis- 
tered by thermometer, as indicated by thermo junctions 
wrapped around thermometer bulb and covered with coal 
in the nickel boat respectively. Temperature shown by 
thermometer constant to 1°. 

An examination of the results obtained by drying for one hour 
at a temperature of from 104° to 107° shows that these conditions 
are by no means as strictly defined as is to be desired and that to 
comply with them is not easy. The observed variations for all 



50 


Original Communications: Eighth International [vol. 


the coals are much greater than at first sight might have been 
expected of so apparently simple a determination as that of mois- 
ture. The differences between maximum and minimum figures 
for each of the coals are set forth below: 

1 2 3 4 5 6 

% % % % % % 

0,52 1,07 1,48 1,32 1,46 1,24 

The averages being 2,97 9,86 7,33 5,86 7,21 7,51 

These figures represent variations of from 10% to 22% of 
the amount of water present. From a practical point of view, 
however, it may be contended with some reason that it would be 
fairer to consider these as determinations of dry matter rather 
than of water. In this case the order of the errors is reduced to 
between 1 and 2 %. It should certainly be remembered that it 
is the dry matter that signifies, rather than the water associated 
with it. This consideration does not affect the errors caused in 
ultimate analysis by the presence of water in supposed dry coal. 

A few sources of error may be considered. In the first place it 
cannot be contended that an ordinary crucible, either of porce- 
lain or platinum, is a vessel of suitable shape for use in such a 
determination as that of moisture in any substance; more par- 
ticularly one as liable to oxidation as coal, which should there- 
fore be dried as quickly as possible. The American Committee, 
in indicating that platinum crucibles, which are usually of a 
tall form, give on the whole lower results than porcelain, have 
hit on a weak point in the method recommended by them. 

This point is again brought out in the two series of results of 
the worker II who, in all cases, obtained higher average results 
in porcelain than in platinum, and higher individual results in 
all cases but one (N° 6), this one difference being trifling. The 
worker V, who used a platinum crucible, in only one case, ob- 
tained a result (N° 3: 0,04%) above the average. It is, we 
think, clear that the aim in determinations of this kind, should 
be to expose as large a surface of the material to be dried as 
possible. A crucible is perhaps the worst shaped open vessel 
for this purpose. 

Apart from the objection which we raise to the form of cru- 
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cibles used as drying vessels, we must point out that coal is a 
very hygroscopic substance, and that to weigh dry coal in an 
open or loosely covered vessel is a very risky proceeding. 1 We 
may here quote usefully from the report of Professors Huy- 
brechts and De Koninck who say of the former’s work by this 
method (XIV). 

“The process . . . gave lower results than those furnished 

by the first process examined” (drying for 15 minutes in a weigh- 
ing bottle at 105°). “This was prophesied” . . . “The 
weight of desiccated coal in crucibles (fitted with their lids) is 
less certain than the weight of these substances in bottles ground 
in emery, for dry coal is very hydroscopic.” 

“The three crucibles containing the portions taken from one 
sample were placed in the same desiccator. At the time of 
weighing, the first was withdrawn, placed immediately on the 
pan of the balance and fitted with its lid. The weights of the 
second and third followed and were taken as quickly as possible. 
Although the desiccator was only open an instant and the 
weight was taken very quickly, the absorption of a little moisture 
from the air took place. This phenomenon was not very marked 
and perhaps it would have escaped my attention if the second 
portion had not regularly shown (with two exceptions) a loss of 
weight smaller than the first, the third a loss smaller than the 
second (see table la).” 

We have averaged all the results in table 1 a in which the coal 
was dried in shallow stoppered weighing bottles, watch glasses 
ground to fit, or a boat which was weighed in well fitting tubes. 
The figures are in every case higher than those for the whole 
series tabulated under 1 a as will be seen below: 

12 3 

3,08 ±0,04 9,96 ±0,08 7,47 ±0,04 

4 5 6 

6,00 ±0,11 7,42 ±0,06 7,69 ±0,08 

the greatest difference between individual results was 

0,29 0,63 0,30 1,04 0,40 0,53 

i We allude later to the precautions to be observed in handling coal 
samples in dry climates. 
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It appears from these results that the inferiority of crucibles, 
more particularly of platinum crucibles as compared with vessels 
of glass with closely fitting covers is established. 

The temperature of a substance placed in an oven is not 
always easily ascertainable. More particularly is this the case 
in an air oven heated by a gas burner or a series of burners. 
The bottom may be nearly red hot and the top at a relatively 
low temperature. The falling off of temperature between these 
positions is affected by the air current which should pass through 
the oven. 

It is therefore a difficult matter to insure that the coal placed 
in an oven, in some part of which a thermometer indicates a 
temperature of 105° or thereabouts, is itself actually at that 
temperature. The effect of small differences of temperature is 
probably negligible since the American Committee found that 
boiling Xylene (138°) gave much the same results when used to 
heat the drying bath, as toluene. Members of this present sub- 
committee (XII) found that a coal which lost 13,90% at 105° 
in two identical determinations in one hour in a current of dry 
nitrogen (containing less than 0,5% of oxygen) lost as much as 
12,72% in the same time at only 63°, 13,34% at 79° (after 
2 hours 13,59%, after 3 hours 13,69%, after 4 hours 13,69%, 
then after one hour at 105° 13,95%) 13,55 in a water oven, while 
the same portion used for the experiments at 79° and 105° gave 
13,78% at 130°, a gain due either to traces of water or to oxygen 
in the nitrogen. The heating in these experiments at 63°, 79°, 
105° and 130° was performed in a bath in which the coal was 
exposed to a constant stream of nitrogen (J. S. C. I., 1896, XV, 
417). It appears therefore that, so long as the temperature is 
at least as high as 105°, no great discrepancy due to this cause 
is probable, although it is better to aim at the prescribed tem- 
perature of 104° to 107°, but from these data, it is clear that 
temperature below 100° gives results which are almost certain to 
be low, owing probably not to the impossibility but to slowness 
of the drying when the greater part of the water has escaped. 
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IB 

Standard American Method, but Drying continued for 

2 Hours 

Drying at 104°-107° for 2 hours gave results which, on the 
average, were lower than those obtained with the same coals 
dried for one hour. In some cases individual results were higher 
than those obtained by heating for the shorter period but the 
weight of evidence was in favor of the view that any extra loss 
of moisture which may occur is more than balanced by the gain 
in weight due to oxidation. One worker (III) says: “In my 
opinion the variations in the results obtained by drying in an 
open porcelain crucible for one or for two hours are but slight 
and do not permit certain conclusions”: others (VII, VIII, X, 
XI, XII and XIII) comment on the relative lowness of the two 
hours’ results. In the case of XIV the same phenomenon due to 
hydroscopicity is noticed as has been already commented on; 
viz., the progressive lowness of triplicate results due to gain in 
weight on end opening of the desiccator. One worker (VIII) 
comments of the gain in weight observed when the one-hour 
portions are repeated for a second hour. We shall return to the 
question of the time factor in a later part of the report, in the 
meantime we emphatically state that there appears to he no sort 
of advantage to he obtained hy heating coal for a longer period than 
one hour at a temperature of 104°— 107° for the determination of 
moisture. 

Additional details of methods ordinarily used by Members of 
the Sub-Committee: 

II. — To render his results comparable with those obtained at 
105° this worker dried in a cast-iron oven with porcelain walls 
regulated to 110°, instead of (as required by the regulations of 
5th February, 1908, for the supply of Mineral Fuel . . . and 
other regulations) using a water oven which, he remarks, always 
has a lower temperature than 100°, sometimes much lower. 

III. — Method not specifically stated to be that ordinarily 
employed. 

IV. — Method not specifically stated to be that ordinarily 
employed. 




Results Showing Percentage Lost bt Coal when Heated at 104 6 -107° C. for Two Hours. 
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XII. — Used in connection with a contract which specifies that 
the coal shall be dried at 100° — not used by choice. 

XIII. — The method ordinarily employed by this worker is to 
crush rapidly any lumps in a sample with a wooden mallet on a 
thick steel plate, and then to weigh 50 grammes in an iron box 
300 mm., 200 mm., 50 mm. high. This box is placed on the 
bottom of a large oven heated by coal for 15 minutes at a 
temperature of about 110°; it is then lifted to the lower 
shelf where it remains for 3| hours at a temperature of 
85-95°. It is then removed and covered, and weighed when it 
is cold. 

The larger samples of coal required for this method were sent 
in bags, and on examination were found to contain less moisture 
than the small samples in tins. The following table shows the 
agreement of this method with the others employed: 


1 

1 horn: at 105° 1,10 

2 hours at 105° 1,05 

24 hours vacuum over H 2 S0 4 . . 1,20 
Above method 1,20 


2 3 4 5 6 

“ 6,20 6,30 6,80 5,00 

“ 6,20 6,15 6,60 4,80 

“ 6,00 5,50 6,20 4,20 

“ 5,90 5,64 6,64 4,93 


XIV. — The weighing bottle used is 50-70 mm. high and 27 mm. 
diameter. It is weighed laying on its side and one gramme or 
thereabouts of coal introduced; the stopper is then fitted and 
the total weight taken. The bottle is unstoppered and placed 
in a stove heated at the start to 110°. The temperature falls to 
about 102-103° and rises to a temperature of 105°-110°. After 
15 minutes the bottle is taken out and put in a desiccator over 
calcium chloride for 40 minutes. It is then withdrawn and 
immediately stoppered and weighed. (This method has been 
described by Pellet and Amaud.) 

The methods ordinarily used by different workers varied very 
much. The quantity used was in most cases one gramme, but in 
one case as much as 500 grammes and in others 25-30 grammes 
and 4—5 grammes were taken. The temperature, or rather per- 
haps, reputed temperatures varied from 94,5° in the case of a 
worker at Germiston, Transvaal, which is about four thousand 
feet above sea level, to that obtained in a toluene bath, which 
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appears to be usually to be considered as from 105° to 107°, 
although toluene boils at 111°. 

It does not appear that any Member of the Committee com- 
monly uses a vacuum method, although some speak highly of 
this method. 

It must be borne in mind that in some cases the adoption of a 
method does not necessarily indicate that method is specially 
favored by the Worker as it may be prescribed in connection 
with a specification not framed by him. 

There appears to be a preponderance of practice in favor of 
some modification of the Standard American Method of drying 
one gramme at 105° or thereabouts for one hour, but a majority 
of workers using this method introduce the precaution of using a 
vessel — either watch glasses, weighing bottle or boat in tube — 
which can be closed while it is being weighed. We consider 
that this is a very desirable practice, which should be generally 
adopted. (Cf. 1 A, pp. 85-89.) 

These results are particularly interesting as representing the 
figure which members would have returned had the samples 
been sent to them in the ordinary way of practice. For this 
reason we have averaged the mean results and not all the results 
obtained as we consider that it would be natural, when there 
was no reason for preferring one or the other of a set of results 
to take the mean. 

It will be noticed that for every coal the maximum is obtained 
by the worker using a temperature of 105° or thereabouts, 
although with the anthracite two workers also who used water 
ovens were within 0,05 of the maximum. We call special atten- 
tion to the results marked XIV, obtained by drying for M 
hour only which are in only one case, more than 0,20 below 
the maximum, and in one case are as high as any others. 
The lowest results are those obtained by heating in copper cru- 
cibles for one and one-half hours, except for coals N oa 1, 4 and 6. 
It is worth noticing that, although this comparison in no way 
represents the relative or absolute accuracy of the results, in 
only one case was the discrepancy greater than 1% and that 
the greatest variations calculated on the mean dry master were 
A.q fallows: 
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1 2 3 4 5 6 

0,3% 0,9% 1,2% 0,9% 0,8% 0,9% 

These differences are probably in all cases less than the errors 
incident to sampling from a large bulk. 

We do not press the above point of the relative smallness of 
the discrepancies when considered on the dry matter, as com- 
pared with the errors of commercial sampling, for more than it is 
worth. We fully realize that the occurrence of such large varia- 
tions between workers, whose methods are relatively free from 
experimental error, in so far as they each give concordant results, 
indicates the need of some more definite agreement as to the 
processes to be used, and further work on the general question of 
the presence of water in coal and other materials and its deter- 
mination. Certain aspects of this question are considered in a 
later section of this report. 


1C 

The Vacuum Method 

The results obtained by the method of drying in the presence 
of a desiccant under greatly reduced pressure vary considerably; 
in fact to such an extent as to militate greatly against the value 
of the method as one of ordinary application. It is true that, 
on a priori grounds, the method appears to be almost ideal, but 
apart from the actually observed discrepancies it is clear that 
many points require attention in order that the results obtained 
by different workers may be comparable. 

If we consider that a substance is air-dry when the vapor 
tension of the water associated with it is in equilibrium with 
that of the surrounding air it is clear that a removal of moisture 
from that air will cause a continual decrease of the amount of 
water in the substance exposed to it. Such a desiccant as sul- 
phuric acid which even when as weak as 84% has only a vapour 
pressure (of water) of 0,1 mm. will clearly bring about this de- 
crease until substances which, with it, are exposed to a confined 
atmosphere are in equilibrium. A reduction, by evacuation, of 
the partial pressure of other gases or vapors than water will 
accelerate this process which, except when the initial difference 
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of vapor tension is very high e. g. at high temperatures, will 
always be very slow. The rate of drying will, if as is most 
probably the case, the water is absorbed (retained by surface 
concentration), follow an exponential curve, the slope of which 
will depend on the rapidity of the exchange through the medium 
of the vacuous space between the substance to be dried and the 
desiccant. If the temperature be kept constant this rate will 
vary with the relative areas of substance and desiccant which 
are exposed, with the partial pressure of gases other than water 
vapor, with the absorbtive power, i. e., the vapor pressure of the 
desiccant, with the volume and form of the vacuous vessel used 
and the form of the vessel in which the substance to be dried is 
exposed. In any case the drying relatively rapid at first will 
soon fall off to a nearly uniform rate which may continue for 
days and the increments of loss of weight may be so small as to 
appear negligible whereas their sum over the whole period of 
drying would perhaps be appreciable. In fact it is difficult to 
know when to stop. 

The results actually obtained by workers bear out this conclu- 
sion. In a method such as this which is practically free from 
manipulative errors it is difficult to explain the great variations 
obtained by different workers otherwise than by supposing that 
stagnation of vapor, differences of temperature, small exposure 
of substance to be dried or of desiccant account for the lowness 
of some of the results. It may be supposed that in all these 
cases much longer exposure would have caused a greater loss 
although there is the chance that even with a fairly good vacuum 
some compensating gain by oxidation may take place, thus in- 
validating any results obtained in a badly designed desiccator or 
with a weak desiccant. When the lowness of the vacuum is a 
cause of slow drying this possibility of oxidation becomes still 
greater. 

We may consider the series VII conducted in a relatively 
very high vacuum. The results obtained by drying in 24 hours 
are in four or say three cases out of six much higher than those 
obtained in 15 hours. One naturally asks what would the results 
of 48 or 96 hours’ drying be? Possibly the same as those given, 
but who knows? Where is finality? 



Rhbdlts Obtained by Drying in a Vacuum. 
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Professors De Koninck and Huybrechts weighed the samples 
examined by them at intervals and tabulated the results; for 
example we give those obtained with N 08 2 and 4. 

After drying in vacuo over H 2 S0 4 for 

HOURS 

24 48 62 96 120 

the loss was: 

8,66 9,55 9,76 9,97 10,02 

8,66 9,56 9,74 9,94 10,00 

5,47 5,57 5,75 5,57 5,44 

5,38 5,52 5,68 5,57 5,49 

Here we see that while N° 2 dried continuously at a slowly 
decreasing rate during five days N° 4, which was of an excep- 
tional character, reached a maximum loss in three days and then 
began to gain. One may ask again of N° 2 — what virtue is 
there in the maximum period adopted? Judging from the form 
of the curve and the magnitude of the last loss observed it 
might be expected that the coal should go on losing a few hun- 
dredths of a per cent for some days. 1 

Or what data for the true determination of water do the fig- 
ures for N° 4 afford? How much lower is the figure 5,68 than 
the true water content? When did the oxidation, which has un- 
doubtedly occurred, begin to be appreciable? What would be 
the result of displacing the air in the desiccator with an inert 
gas before evacuating? Another question which is perhaps not 
altogether academical arises. Is all the loss moisture or do 
hydrocarbon and other gases escape from coal under the condi- 
tions of experiment? 

Experiments by Dr. Pollard with the sample N° 2 showed 
that when this coal was dried in vacuo at 105° and the loss of 
weight of the coal determined as well as the gain in weight of 
sulphuric acid drying tubes, only a very small difference was 
found, the results being — direct 10,67%, loss 10,58%. This 
difference it should be noticed was in the direction usually ob- 
served, the direct result being the higher pointing to oxidation 
rather than to excessive loss in a vacuum. Experiments by him 

iCf. HiUebrand, Bulletin, 422 TJ. S. Geological Survey, p. 68. 
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with ferrous sulphate showed that this salt was invariably 
oxidized when dried in an “air vacuum” but not so in a “hy- 
drogen vacuum.” 

A few practical observations may be of interest. The Hempel 
desiccator appears to be the best; form to use since the desiccant 
can be placed both above and beneath the substance to be dried 
and thus not only a large but a well distributed drying surface 
be exposed. To secure fairly rapid drying a moderately high 
vacuum should be used. We cannot state with certainty that 
as high a vacuum as within 1 to 3 mm. of barometer is advan- 
tageous from all points of view. 

The temperature should be fairly constant during the period of 
drying and not very far from the average temperature — say 15°. 

Professors De Koninck and Huybrechts are of opinion that it 
is advantageous to admit air and re-exhaust every 24 hours 
rather than to expose for long periods without some circulation. 
They, and several other workers point to the desirability of 
drying the air before admitting it into the desiccator. Dr. 
Pollard gives some figures in support of this: 


COAL 

Vacuum filled with dry air 

before opening 

Air not dried 


N° 1 

N°2 

N° 3 

N° 4 

3,09 

10,47 

7,80 

6,28 

3,02 

10,31 

7,74 

6,13 


He further illustrates the absorptive power of coal N° 2 after it 
is dried, as follows: “Air was sucked over 5 grams of dried coal 
and then through a sulphuric acid U tube for six hours. The 
coal gained 0,121 grams and the U tube only 0,008 grams, so the 
coal had nearly dried the air.” 

It appears to be important that the vessel in which the coal is 
weighed should be both shallow in form, exposing a large sur- 
face of coal and by reason of its low sides allowing free exchange 
with the surroundings and closable in such a m ann er as to 
exclude moist air during the period of weighing. 

We shall return to this point later when dealing with the 
general question of apparatus. 



Congress of Applied Chemistry 


63 


xxv] 


Section 4 

Methods of determining water other than those indicated in 
the President's circular letter of October and included in the 
preceding sections: 

a , Drying in a water oven. 

b, Drying in a current of inert gas. 

(— ) Indirect determinations —loss of weight of coal. 
(+) Direct determinations— gain of weight of drying 
tube. 

Cj Drying for l hour at 105° of varying weights of coal 
spread over varying surfaces. 

d , Drying at 105° for varying times (i hour to 2 hours). 

e, Drying in desiccators at ordinary pressure. 

/, Expulsion of water by boiling coal with xylene and meas- 
uring the volume of water evolved. 

4a. — Several workers have made series of experiments in which 
coal is dried in the water oven. The results are given in table 4a. 
It will be noticed that the figures on the whole agree more closely 
than those obtained by drying at a higher temperature or in a 
vacuum. They are, however, in all cases, but the maxima ob- 
tained on 1 and 3, lower than the average results obtained by 
drying at 104-107° or by drying in a vacuum. It seems clear 
that either (1) the temperature reached in a water oven is in- 
sufficient to drive off all the moisture, except perhaps in a care- 
fully dried atmosphere, or more probably (2) owing to the slow 
rate of drying the gain of weight due to oxidation seriously 
diminishes the loss of water. 

An exploration by the Vice-President of a large water oven 
22,5 cm., 25,5 cm., 32,5 cm., by means of a thermo couple showed 
that the temperature varied considerably in different parts, tem- 
peratures as low as 16° below that of steam having been recorded. 
The effect of opening the large door (22,5 cm., 25,5 cm.) was 
very marked, since the thermo couple, which has no appreciable 
lag, did not attain a stationary temperature for some minutes 
after each opening. It was noticed that, although the door was 
by no means air tight, the closing of the little damper in the 



TABLE 4A 



1 See 2. 
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door raised the temperature about 0,7° even on the bottom of 
the bath at the back. 

Experiments by Messrs. Andrews, Coste and Powney on a 
very moist coal examined by them (see p. 85) seem to show that 
at a temperature below 100° the loss of water is so much less 
rapid than at 105° that a true figure for moisture cannot be 
obtained within a reasonable time, although the heating be 
continued some hours in an inert atmosphere. 

The uncertainty as to the temperature in a large water oven, 
although, judging from the small differences between the loss in 
one hour at 79° and a reputed temperature of 100°, viz., 0.21%, 
its effect is not great, renders the use of this appliance undesir- 
able for exact moisture determinations and we cannot recom- 
mend it. We feel that the mere fact that the range of temperature 
between, say 80° and 98°, appears to be a particularly insensitive 
one, and therefore allows very concordant results to be obtained 
under varying conditions, induces a false sense of security which 
a few experiments at 105° will completely shatter. 

46. — The method of drying at 104-107° in a current of gas 
free from oxygen appears to possess a considerable advantage 
over any other process of drying at an elevated temperature 
in that the necessary compromise between the desire to dry 
completely on the one hand and the fear of oxidation on the 
other is reduced to a minimum. It may be said, at any rate 
when “fixed” gases such as hydrogen, nitrogen or carbon- 
dioxide are used, that the only reasonable possibility of error is 
the loss of something other than water due to the elevated tem- 
perature adopted. That this is small, at least for some coals, 
has been shown by Mahler ( Comptes rendus, 1910, 1521, 2). 
The use of coal gas unless carefully purified would seem to be 
very risky as is shown by the results marked YIII. It is, per- 
haps, not unreasonable to suppose that dry coal may possess a 
certain power of ad- or ab-sorbing some of the constituents of 
coal gas. This possibility is suggested by Dr. Lessing whose 
figures seem to confirm this view; Mr. Hills, who uses a direct 
method, i. e., actually weighs the water in calcium chloride 
tubes, informs us that, since the amount of CO 2 in coal gas has 
become considerable, owing to the abandonment of purification 



TABLE 4B. 

Showing Percentao* (— ) Logtbt Coal anb (+) Watkb Gained bt Drying Tub* when Coal is Dried in a Current of "Inert" Gab at a Temmbatori of 100-110° . 
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with lime, he has found it necessary to take special precautions 
for the removal of this gas (CO 2 ), since calcium chloride usually 
contains sufficient free lime for it to absorb CO 2 readily. His 
two results by this positive method and those of Drs. Constam 
and Pollard are particularly interesting, as they show that at 
least the amount of water indicated is actually given off from the 
coal, since calcium chloride, unlike sulphuric acid, is not an 
absorbent of olefines. It is worthy of note that in four coals out 
of the six sent out the highest result obtained by any method 
was by this method. 

Two series in which the coals were dried at 105° in a current 
of dry air and the loss of weight compared with the gain of a 
drying tube were intended to show the differences between the 
direct and indirect methods when the influence of oxygen is not 
excluded. 


Coal Number 


Worker 

1 

2 

3 

4 

5 

. 


- 

+ 

- 

+ I 

B 

+ 

- 

+ 

- 

+ 

- 

+ 

XI 

3.15 

3,25 

10,31 

10,68 

7,7 8 

8.18 


«,34 

7.64 


7,84 

8428 

XU 

3.19 

3^23 

10,22 

10,38 

7.52 

8.29 j 

6,42 

6,56 

7,47 

8.37 

7,92 

8,25 


The reporters feel that these results, especially those in which 
one of them was concerned, and in fact all comparisons of the 
direct and indirect methods, would be more convincing if accom- 
panied by a statement that a drying tube, placed between the 
apparatus used to dry the gas and the coal which is being dried, 
and exactly similar to that in which the evolved water is col- 
lected, neither gained or lost in weight during the experiment. 
Without this information it is futile to theorize as to the differ- 
ence between the results of the two methods as they may be 
altogether independent of the coal itself. It is, however, only fair 
to state that Dr. Pollard found *with coal N° 2 that the differ- 
ence between loss and gain in a current of hydrogen at 105° was 
only 0,07% 
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Dr. Constam, who ascribes the differences between his results 
by this method and by the vacuum method to the fact that 
three weeks elapsed between the two sets of determinations, 
says: “Diese Methode ist eine ausserst subtile und schwer zu 
handhabende.” We endorse this statement in so far as it refers 
to the direct method, but see little difficulty in an accurate 
determination of loss in a current of inert gas. 

4c. — Professors De Koninek and Huybrechts have experi- 
mented with very varying weights of coal dried in weighing 
bottles of differing areas of cross sections for % hour at 105°. 

Their results are as follows: 



1 

2 

3 


4 

5 

6 

1 gram* 

0,19 grams per sq. cm. . . 

3,04 1 

9,98 1 

7,51 1 


6,20 ] 

7,56 1 

7,71 1 

*•* 3,10 [3,05 
•• 3,00 J 

10,03 [ 10,03 
10,09 J 

7,53 
7,52 j 

7,52 

6,13 f 6,19 
6,24 j 

7,47 [ 7,51 
7,51 J 

7,87 f 7,78 
7,77 J 

1.5 grams* 

0,28 grains per sq. cm... 

’{!)*•» 

10,16 1 ia 14 

10A3 / 10 ' U 

7,69 \ 
7,68 / 

7,63 

an*. 

7^60 } 7)50 

7:11 } 7 - 83 

5 grama* 

0,16 grams per sq. cm.. . , 

•} 2,98 

9,94 

7,53 


6,08 

7,53 

7,77 

7,5 grams* 

0,25 grams per sq. cm.. . 

} 3,00 

10,02 

7,76 


6,15 

7,60 

7,85 

10 grama* 

0,33 grains per sq. cm.. , 

} 2 ' 9E 

9,65 

7,27 


Not determined. 



This very interesting series points the moral that it is not so 
much the amount of coal taken for an experiment as its surface 
of exposure that matters in determining the amount of moisture 
in a sample. The significance of the results obtained may be 
summarized in the statement that: 

At a temperature of 105° (provided the air current is suffi- 
cient) no appreciable difference in results of moisture determina- 
tions need be anticipated, provided the coal is distributed evenly 
over the bottom of the containing vessel and a concentration of 
not more than 0,3 grams per square centimeter of exposed surface 
is allowed. 

The worker suggests that one gram would in practice be 
too small a weight for the reason that the samples are not gen- 
erally prepared with the same care as those submitted in the 
present research. This is undoubtedly the case and it might be 
found convenient by those who have two samples of each coal 

1 Weighing bottle 50 to 70 nun. high and 27 mm. diameter =» 5,7 \ sq. cm. cross 
* 30 mm. high and 60-63 mm. diameter =30,4 / section. 
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prepared (i. e., a quickly ground sample for moisture and a 
finely ground sample for analysis and determination of calorific 
power) to determine the moisture in the coarse sample on five 
grams and in the fine sample on one gram. 

It is worthy of especial note that, in the above experiments, 
the healing was continued for \ hour only. 

4 d. — The same workers as investigated the effect of varying 
the amount of coal taken, also studied the effect of time of 
drying on the results. 

Their figures are given in the table below: 

One gram of coal dried at 105°. 

12 3 4 5 6 

3,05 10,03 7,52 6,19 7,51 7,78 

3,04 ) 9,92 ) 7,33 1 6,16 ) 7,46 ) 7,63 ) 

3,04 } 3,03 9,95 \ 9,97 7,34 \ 7,34 6,09 \ 6,17 7,41 } 7,64 7,65 f 7,64 

3,00 J 10,04 j 7,34 J 6,26 J 7,44 J 7 64 J 

2,79 9,77 7,13 6,00 6,99 7.13 

^tWeTXSvn 9 ’*9 6,78 5,69 6,74 6,89 

TABLE 4C. 


Coal Number 



D 

2 

3 

4 

5 

6 

1 gram 1 . 

0,19 grams per square nm. 

3,04 

3,10 \ 3,05 
3,00] 

Q QQ 1 

10,03 \ 10.03 
10,09 J 

7.51 
7,53 

7.52 

| 7,62 

6,20) 

6,13 f 6,19 
6,24 J 

7,56) 

7,47 i 7,51 
7,51 J 

7,71) 

7,87 \ 7,78 
7,77 j 

1.5 rams 1 . 

0,28 grams per square cm. 

H 

O 

CO 

55 

CO CO 

10,16 \ iq 

10,13 / 10 ' 14 

7:11 } 7 - 63 

!{?}*.» 

7^0 } 7 - 86 

7,83 \ 783 
7,83 / 7,83 

6 grams*. 

0,16 grams per square cm. 

2,98 

9,94 

7,53 

6,08 

7,53 

7,77 

7,5 grams*. 

0.25 grams per square cm. 

3,00 

10,02 

7,76 

. i 

6,15 

7,60 

7,85 

Avxrigi 

3,01 

10,03 

7.61 

6,10 

7,55 

7,81 


i 



From these results it would appear that the short period of 
hour possesses some advantages over any longer period, in 
so far as the loss of water appears to be as great and the gain 
by oxidation of the coal certainly seems to be much less. The 
period of two hours certainly seems to be long. 

i Weighing bottle 50 to 70 mm. high, and 27 mm. diameter: Cross sectional area=5,7 square cma. 

* Weighing bottle 30 mm. high, and 60-63 mm. diameter; Cross sectional area=30,4 squaw cans. 


o; Jb or mm. ime&n 
•ee table 2, XIV).. 

b) For another 20 min. . 

e) For 1 hour (mean 
Bee table 1, XIV) . . 
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4 e . — One group of workers (XII) dried the coals, in watch 
glasses, in an ordinary desiccator, the results obtained being: 

1 2 3 4 5 6 

2,96 9,9s 1 7,18 5,20 7,28 7,53 

The method, which required several days for a relatively con- 
stant weight to be reached, is obviously too slow for technical 
purposes, but taking the higher results obtained by any worker 
as representing the correct values, it will be seen that the fol- 
lowing supposed percentages of the total water were lost by mere 
exposure to dry air. 

1 2 3 4 5 6 

78% 95% 90% 80% 93% 90% 

These workers found that the coal experimented with by them, 
which contained 13,90% of water (lost at 105°), could, when 
dried, be rehydrated up to within 1,5% of its original weight by 
exposure to a moist atmosphere. 

Dr. Dudley, a member of the American Committee, considered 
that for coals containing about 2% of moisture satisfactory 
results could be obtained by drying in a watch glass for 24 hours 
at atmospheric pressure and temperature over sulphuric acid. 
The method is not recommended by him for lignites and coals 
with high moisture. 

We do not consider that the method possesses any advantages 
over other methods which excel it in both accuracy and celerity. 

/. — Xylene Method. 

Dr. Constam gives some results obtained by his colleague 
Dr. Schlapper with a modification, not hitherto published, of a 
method described by Marcusson for the estimation of water in 
oils, fats, soaps and resins. 

40-50 grams of coal (100 grams of coal of low water content) 
are weighed into an Erlenmeyer flask of 500 cc. capacity, 200 cc. 
of xylene are added and 150 cc. of this are distilled over, 
the flask being heated on a sand bath, into a measuring cylinder, 
the lower part of which is divided to 1/20 cc. The measuring 
vessel is then hung in a cylinder with warm water. Any drops 

1 A series of tests with this coal was carried out by Dr. Pollard, using 
various desiccants. The results will be given in the section on appliances. 
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of water which hang about the shoulder of the measuring vessel 
are detached and allowed to fall to the narrow part by means of 
a glass rod. After 1 hour standing, the volume of the water 
distilled over with the Xylene and which has separated under 
it, is measured, due correction being made for the meniscus. 

The results obtained are given below: 

Coal N° 1 2 3 4 5 6 

3,00 10,38 7,80 6,16 7,74 7,60 

The method is ingenious and in the opinion of the reporters 
has many advantages and might be well made the subject of 
further trial by other workers. 


Section 5 

(I) The actual percentage of water in the samples, and 
(II) The treatment of samples of coal when received. 

The question as to the actual percentage of water in the sam- 
ples sent out by the President and received by the workers is of 
importance. The method of preparation of these samples is 
fully described on page 6 of this report. It appears to have been 
approved generally by the recipients, only one of whom remarked 
on the circumstance that the rubber solution did not appear to 
have made a tight seal. Even so the exchange of air or water 
between the tins and their lids must have been very small. 

It was, however, considered desirable to determine the water 
in the sealed tubes which were taken during the filling of the 
sample tins. Mr. G.-N. Huntly and Mr. E.— K.. Andrews, to 
whom our best thanks are due, kindly undertook this work. 
The former gentleman, whose results are marked H, dried for 
one hour in a toluene bath at 108° in glass weighing bottles, 
cooling in a desiccator with fresh sulphuric acid. Each figure 
is the mean of two agreeing determinations. Mr. Andrews dried 
in a nickel boat placed in the tube air bath described by the 
Vice-President ( Journ . Soc. Chem. Ind., 1896, 421) through 
which a current of dry, oxygen-free CO 2 was passed. These 
results are marked A. The time sequence of the pealing of the 
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samples in the tubes was not noted, but we have arranged in 
an ascending order in the following table, in which we also show 
the highest and the lowest of the maximum results obtained by 
individual workers. 

We discuss these results with a view to obtaining a working 
convention as to the probable moisture content of the coal in 
the tins sent out and in no way wish to criticise the work of the 
many colleagues who have assisted in the deliberations of the 
Committee. 

TABLE 5A. 


Cod N«. 

Lowest maximum obtained 
fay any worker 


Greatest difference between 

tubes 

Highest maximum obtained 

by any worker 

N°. of workers obtaining 
higher maximum than 
found in tubes. 


1 

2 

2,85 

9,59 

2,75 (A) 

9,81 (H) 

2,81 ” 

9,87 ” 

2.84 ” 

9,88 “ 

2,85 ” 

10,03 (A) 

2,86 ” 

10,15 ” 

2.90(H) 

10,20 " 
10,40 " 
10,49 ” 

0,15 

0,68 

3,70 

10,61 

13 

1 


3 

4 

7,00 

5,27 

7,04 (A) 

5,71 (A) 

7,28 ” 

5,77 

7,46 (H) 

5,77 

7.48(A) 

5,90 

7,49 (fl) 

6.00 OH) 

6.01 

7,69 (A) 

7,91 " 

6,01 " 
6,26 (A) 

0,87 

0,55 

8,04 

6 51 


4 2 


5 

6 

7,00 

7,11 

6,89 (A) 

6.68(H) 

7,15 ” 

7,30 ” 

7.26(H) 

7.60(A) 

7,28 " 

7,61 (H) 

7,35 ” 

7,86 (A) 

7,35 (A) 

7,86 " 

7,54 ” 

7,89 " 

7,64 ” 

7,91 " 

0,75 

1,23 

7,98 

8,41 


6 4 


It mil be noticed that, in no case is the highest percentage of 
water found in the tubes so high as the highest found by indi- 
vidual workers in the tinned samples and that in samples 1 
(3 tubes), 5 (1 tube), 6 (1 tube) some of the tubes contained less 
water than was found in those tins which yielded the lowest 
maxima. We cannot help feeling that the tubes are not, on the 
whole, as reliable as the tins. It is probable that the operation 
of sealing, however carefully conducted, caused some loss of 
water by convection currents. It is certainly remarkable that 
in the case of each sample, some tins gave higher results than the 
tubes. 

We consider the probable water content of the tins of coal to 
be well within the limits given below: 

N° 1, 2,8% to 3,2%. 

The maximum result, 3,7 appears to be abnormal and we can- 
not feel that it represented the true water content ofjihe sample 
examined. 

N°2, 


10,1^0,5% 9,6% to 10,6%. 
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This coal was very hydroscopic and it is possible that its water 
content may have altered during sampling. The series of tube 
figures shows a progressive increase. 

N° 3, 7,0% to 8,0%. 

N° 4, 5,3% to 6,5%. 

This coal presented special difficulties owing to its high sulphur 
content. 

N # 5, 7,0% to 8,0%. 

N° 6, 7,1% to 8,4%. 

We have considered the maximum results of individual workers 
because it appears to us that the probability of obtaining too 
high results is by all the methods described extremely small, 
while methods of drying in air baths, water baths and all baths 
without proper circulation of hot air, and the vacuum methods 
are likely to give low results, even with ordinary careful work. 

The table 55 of maximum results obtained on each coal by 
individual workers is interesting although as we have by our 
above mentioned estimates of the probable amounts of the water 
contents of the samples indicated, it is hard to conclude whether 
it should be taken as illustrating the difficulties of the sampler 
of those of the analyst. 

TABLE SB. 

Showing the Maximum Figum Obtained bt Each Worker on Each Coal and the Methods used. 


Worker 


1 

2 

3 

4 

5 

6 

I 

/ Method. 

\ Result. 

(2) 

2,90 

(2) 

9,70 

n 

(2) 

530 

7% 

a 

n 

/ Method. 

\ Result. 

• & 

(la) 

10,25 

8,00 

Vs 

V 

v 

m 

/ Method. 

\ Result. 

u 


(3) 

7,00 

& 


a 

IV 

/ Method. 

\ Result. 

(4bdi) 

3,15 


(3) 

7,76 

e|o8 

(3) 

7,80 

7 % 

V 

/Method. 

\ Result. 

(3) 

2,85 

ar 

m 

7,73 


(3) 

7,51 

a 

VI 

/ Method. 

\ Result. 

% u) 

(la) 

(la) 

7,47 

U 

(la) 

7,38 

(2 “la) 
7,58 

vn 

/ Method. 

\ Result. 

M ( t,70 

(3) 

10,39 

(3) 

7,86 _ 

(3) 

6,10 

a 


vm 

/Method. 

\ Result. 

(la) 

3,24 

(la) 

9,92 

(la) 

7,46 

(4bD 

636 

a 

ft 

IX 

/ Method. 

\ Result. 

(3) 

2,92 

(3) 

9,96 

(3) 

7,52 

A 

7% 

7% 
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Worker 


1 

2 

3 

4 

5 

6 

X 

f Method. 

\ Result. 

n 

(3) 

10,33 

7^8 

3% 

ft 

ft 

XI 

/ Method. 

\ Result. 


„ (3) 

10,31 

7,?1 

3 

rS 

ft 

xn 

f Method. 

\ Result. 

& 

m 


(4bdi) 

M 6,62 

*8? 

ft 

xm 

/ Method, 
t Result. 

u 

i£$ 

(lab) 

7,30 

(lb) 

5,90 

ft 

ft 

XIV 

/ Method. 

\ Result. 

W 

(4d) 

10,16 

(4d) 

7,76 

ft 

3 

(2**4o) 

7,87 

XV 

/ Method. 

\ Result. 

ft 

(bi) 

M 10,61 

(4bdi) 

M 8,18 

(4bdi) 

6,41 

(4bdi) 

M 7,93 

(bdi) 

7,94 

XVI 

/ Method. 

\ Result. 

(2) 

2,90 

(3) 

9,63 

(3) 

7,20 

ft 

(3) 

7,00 

(3) 

7.11 


Ays&ags. 

3,09 

10,12 

7,63 

5,97 

7,49 

7,73 


II. — An important point to consider in connection with the 
discrepancies observed between the results of different workers 
is the effect of exposure to the atmosphere on the moisture con- 
tent of coals. The results of examination of the sealed samples 
made by Messrs. Andrews and Huntly point to the probability, 
even when the greatest care is exercised, and the coal is allowed 
some days to attain a state of equilibrium with the atmosphere, 
variations in the water content may occur in the sort period 
necessary for putting up several sets of samples. These differ- 
ences were probably greater than would occur in ordinary prac- 
tice, owing to the fact that the coals were very finely ground. 

The following series of determinations by Mr. McArthur 
Johnston (IX) are as he states “Interesting and perhaps in- 
structive as showing the liability of difficulty in obtaining exact 
agreement on such class of material at different altitudes and 
atmospheric conditions.” 



First Series 

2 or 3 'weeks after 


Vacuum. 

j 

Laboratory 

Method. 

Vacuum. 

Laboratory 

Method. 

No 1 

2,92 

2,90 

2,78 

2,65 

No 2 

9,96 

9,69 

9,61 

9,47 

No 3 

7,52 

7,36 

7,04 

6,99 

No 4 

5,42 

5,40 

5,28 

5,15 

No 5 

7,26 

7,06 

6,99 

6,75 

No 6 

7,56 

7,38 

7,09 

6,98 
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Mr. Johnston, who works at Germiston, Transvaal, about 
four thousand feet above sea-level says of these results : “ I ascribe 
these low figures in the second set to the fact that on opening 
the tins for weighing purposes a certain amount of moisture 
was lost by the samples on account of the lower barometric 
pressure here and of the dry atmosphere as compared with your 
climate when the samples were crushed and sampled.” 

Mr. Edgar Stansfield (Canada) prepared a series of small 
tared tubes and weighing bottles which were quickly filled as 
each tin was opened and mixed. About ten to fifteen minutes 
was taken in dealing with each tin. The tubes were reweighed 
and were used as required for determinations, each tube being 
again weighed before emptying of its contents for use in an 
experiment. Notwithstanding the care taken and the fact that 
the tubes were all stored in the same glass container some lost 
and some gained when they were reweighed. An epitome of the 
variations is given below: 

Coal N° 1. +0,0003 gm. to— 0,0008 gm. 

Coal N° 2. +0,0012 gm. to— 0,0076 gm. 

Coal N° 3. +0,0004 gm. to— 0,0028 gm. 

Coal N° 4. +0,0013 gm. to— 0,0008 gm. 

Coal N° 5. +0,0015 gm. to— 0,0069 gm. 

Coal N° 6. +0,0002 gm. to— 0,0020 gm. 

The tubes were kept for periods of from one to thirteen days 
and contained on the average 1,30 grams each. They were closed 
with corks impregnated with paraffin wax. Mr. Stansfield dis- 
cusses the relative possibilities of oxidation from inleak of air 
and from loss of moisture. We understand from him that he 
proposes to incorporate his work in the Report of the Department 
of Mines, Canada, which will be printed probably before this report 
appears. The work, which is highly interesting, will therefore be 
available in that form. It would obviously be hardly desirable 
to include the results of the examination of samples which had 
been subjected to such vicissitudes of climatic conditions in the 
ordinary tables and it would be difficult to do justice in his 
work except by giving a very full abstract with several tables. 

We think that the safest plan in dealing with finely ground 
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samples of coal under conditions of humidity differing widely 
from those prevailing at the time of sampling would be (1) to 
weigh a large quantity into a shallow dish or better a metal tray 
and to allow say 24 hours for it to reach a state of equilibrium 
with the atmosphere, longer may be necessary, and then to 
weigh again and to use this sample. The weight relation of which 
to the original is known for the determination of water, etc. It 
should be kept in a tightly stoppered bottle. Or (2) a series of 
closely stoppered weighing bottles, already weighed and prefer- 
ably very small might have a measured quantity of coal known 
to weigh approximately one gram shot into each, from a little 
scoop or spoon of suitable size. They could then all be weighed 
and afterwards put in a large air-tight vessel — say a desiccator 
vessel — which is filled with CO 2 . When a determination is to 
be made a little can be taken out and the whole of its contents, 
as far as may be, tipped into the weighed vessel to be used for 
drying or other determination and the bottle reweighed. By 
this means a weight slightly less than that originally in the 
bottle is taken and the error of assuming that the weight — 
probably a few milligrams — left behind represents the coal in 
its original state is inappreciable. So that however long a period 
after the bottling-off may elapse before a small sample is used 
any change in weight such as is noticed by Mr. Stansfield is 
negligible, so long as it is not so great as obviously to affect the 
whole character of the coal. An example will make this clear. 


b) Weight of bottle and coal at time of filling. 13,5061 gram. 

a) “ bottle 12,4 321 - 

Coal in original state 1,0740 — 

c) Weight of bottle+coal after say 3 weeks. . 13,5032 — 

Alteration 0,0029 — 

c) Is taken for information only. 

d) Weight of watch glasses to be used for drying 11,6317 — 

V) As above — 13,5061 *1 

e) Weight of bottle from which coal has been [■ 

tipped out - 12,4379 J 

Weight of coal taken for moisture determi- 
nation 1,0682 — 
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Weight to be taken as total weight before 


drying 13,6999 gram. 

f) Weight after 1 hour drying 13,5637 — 

Loss (= water) 0,1312 gram. 


The proportion of total alteration 0,0029 is inappreciable on 
the 0,0058 gram, left in the bottle and therefore a (virtual) cor- 
rect weight of original coal can be obtained by this means. 

Another plan which we think on the whole will probably be 
found, when sufficient work has been done, to be most con- 
venient in all cases for the determination of water in a bulk is 
to weigh 50 or 100 grams and to determine the water by the 
xylene method mentioned by Dr. Constam. 

We do not advise that ground samples of coal should be 
emptied from the containing vessel and spread out for mixture 
unless a portion is set apart each time to form a determination 
of water before mixing the sample. It is safer to place the sam- 
ple in a cool place for some time and then to stir it with a spatula 
before taking out a portion for a determination of water. 


Section- 6 

APPLIANCES 

Weighing Vessels 

We have referred to the advantage of vessels which can be 
properly closed for weighing coal. Some definite figures in 
illustration of this can be adduced from the work on the subject 
by Dr. Pollard. 

Samples of coals N° 8 2 and 3, after being dried and weighed, 
were left uncovered on the balance and reweighed. N° 2 
gained 0,28% in ten minutes, 0,44% in twenty minutes. Air 
in balance case 68% saturated. 

N° 3 gained 0,59% in twenty minutes. Air in balance case 
77% saturated. 

The need for covering coal while it is being weighed is apparent. 

The effects of using different vessels and, incidentally, the 
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greater hygroscopicity of partly oxidized coal (2 hours (hying) 
are shown below. Samples of N° 2 coal which had been dried 
were left in the balance case, the crucibles open, but watch 
glasses clipped: 


Dried by method 

Crucibles 

Watch glasses 

la 

lb 

i 

2a 

2b 

Gain in i hour 

Gain in 18 hours 


1,82 

1,83 

'5,86 

5,78 

2.38 
2,36 

6,41 

6.38 

0,26 

0,26 

1.74 

1.74 

0,15 

0,19 

0,55 

1,95 


a. 1 hour. 6. 2 hours. Saturation of air 58-63%. 


It will be noticed that one pair of watch glasses fitted better 
than the others. Mr. Andrews has also noticed this. 

It is clear, therefore, that well covered vessels are best. Their 
form is of some importance. Two experiments by Mr. Andrews 
illustrates this point which has already been referred to as 
offering a probable explanation of some discrepancies between 
results. 

Portions of about one gram of coal N° 2 were weighed re- 
spectively: 

a) in (1) a tall weighing bottle 43 mm. high X 27 mm. diameter, 

(2) a shallow weighing bottle 25 mm. high X 50 mm. 

diameter and 

(3) a pair of watch glasses 50 mm. diameter. 

These were all placed uncovered in a Hempel desiccator over 
and under sulphuric acid and the pressure reduced by a water 
pump to 30 mm. 

b ) In a second experiment two tall weighing bottles one (1) 
in an upright position, the other (la) on its side and the shallow 
bottle were placed in the desiccator. In this experiment the coal 
in the shallow bottle was carefully distributed over the whole of 
the bottom. The vacuum in this case was about 18 mm. 
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(a) 30 mm. 

(5) 18 mm. 

Loss after 


18 hours. 

(1) 

9,44 

10,21 

(la) 


10,26 

(2) 

10,03 

10,38 

(3) 

10,22 



There is good evidence that shallow wide vessels are to be 
preferred, and some reason for thinking that a high vacuum has 
a considerable effect in equalizing differences due to varying 
distribution of the coal to be dried. 

Various patterns of weighing bottles have been described and 



50mm. 


used by Members of the Sub-Committee. Four of these are 
illustrated by the accompanying sketches. 

Dr. Constam and Mr. Huntly use a bottle with straight sides, 
28 mm. diameter and 22 mm. high. 

Professors De Koninck and Huybrechts use one 60 to 63 mm. 
diameter and 30 mm. high. 

The Vice-President and his colleagues have used one 50 mm. 
diameter and 25 mm. high with a shoulder. They consider, 
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however, that the most suitable vessel would be one like the 
lower half of a small Petri cultivating dish with a ground flat 
plate which would either lie on the ground edge of the dish or 
be pressed to it by a clip. Such a vessel would have the low sides 
of a watch glass with the flat bottom of a weighing bottle 

Well fitting watch glasses are very simple and are apparently 
quite satisfactory. 

Desiccators 

We find that sulphuric acid, phosphoric anhydride and cal- 
cium chloride all appear to be used by workers, although there 
appears to be some feeling against the use of the latter material. 
Dr. Pollard has made experiments on the behaviour of these 
desiccants, some of which we may usefully quote. 

He exposed coal N° 2 at ordinary temperature and pressure 
in desiccators with the drying agents in each case placed both 
above and below the coal. His results are shown below: 


Drying Agent 

Per cent Loss 

After 3 days 

After 1 week 

Sulphuric add 

9,89 

9,72 

mm 

9,88 

Phosphoric anhydride 

10,06 

10,08 

in 

10,15 

Caldum chloride 

9,71 

9,69 

m 

9,73 


The phosphoric acid desiccator was then pumped out and the 
coal weighed next day. The percentage loss had gone up to 
10,26 and 10,29. 

Similar experiments in vacuo (25 mm.) gave: 
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Drying Agent 

Per cent loss 

After 3 days 

After 1 week 

Sulphuric acid 

10,49 

mm 

10,49 

10,39 

Calcium chloride 

9,82 

mm 

9,89 

9,89 


After 42 hours 



Phosphoric anhydride 

10,44 

10,37 




The inferiority of calcium chloride, to both sulphuric acid and 
phosphoric anhydride is evident. We particularly warn workers 
against calcium chloride which has not been examined before use, 
as we have found some which, although sold in a granulated form, 
presumably as a desiccant, contained 6% of water in which it 
easily dissolved when gently heated. 

The advantages of phosphoric anhydride for ordinary work 
are apparent rather than real. It requires careful stirring when- 
ever it is exposed to the air, and Dr. Pollard informs us that his 
results were obtained in this way. It is unsuitable for use in an 
ordinary laboratory. The Vice-President and his collaborators 
commenced to use it for the vacuum method, but abandoned it 
as inconvenient, owing to the formation on its surface of glacial 
phosphoric acid when it used to absorb more than traces of 
water. 

Sulphuric acid is cheap, is easily obtained in a state of high 
concentration and even when relatively dilute has a very low 
tension of aqueous vapor. Judging from the experiments above 
quoted, calcium chloride is either a very slow absorbent of 
moisture or rapidly attains an appreciable vapor tension. 

Some workers, but not all, prefer the Hempel desiccator in 
which the desiccant is above the substance to be dried. It is 
easy in this desiccator to have it both above and below and thus 
to obtain the advantages of both positions. The ordinary 
Scheibler desiccator as usually used has the disadvantage of 
exposing a very small surface of sulphuric acid to a relatively 
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large volume of air. We see no reason why the drying shelf 
should not be raised and enough acid put in the desiccator to 
reaeh above the level of the shoulder. 

There is no doubt in our minds that Hempel’s desiccator with 
sulphuric acid above and below is the best for either ordinary 
cooling in a dry atmosphere or for drying in a vacuum, and we 
recommend its use, more particularly for the vacuum method. 
We are, further, convinced that it is most desirable that when air 
is reintroduced into a vacuum desiccator, it should be passed 
slowly through or over sulphuric acid in order that a rapid 
inrush of moisture may not occur. 

Experiments show that coal will, when dry, absorb appreciable 
amounts of water from air even in the presence of strong sul- 
phuric acid. We may, perhaps, be forgiven for laying stress on 
the need for a slow introduction of air. It is advisable, at the 
beginning, that air should be introduced through a drawn-out 
capillary, using a screw clip or the thumb and forefinger as a 
check to the first rush, which soon becomes manageable. 


Section 7 

Summary of Work of the Sub-Committee with Conclusions and 

Recommendations 

It is not easy to assess, on any very philosophical basis, the 
merits of the various methods used, but the following considera- 
tions have guided us in arriving at conclusions and formulating 
recommendations. 

I- — There is evidence that no appreciable amounts of hydro- 
carbons are lost by coal when it is exposed to temperatures not 
above, say, 140° for a time much longer than that required for 
drying it, although there is evidence that traces, which can be 
detected by suitable means, of gases are lost under certain cir- 
cumstances and Dr. Prager has evidence of this and is working 
on the subject. Others have noticed that samples of coal which 
had been sealed appeared to be under some increased pressure 
when opened. 
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Method 


4b 


1 a 

1 b 

2 

3 

4 a 

f Loss. 
I Gam. 
4 o 
4 f 


TABLE 7. 


Average Percentages of 

Water Found bt Different Methods. 

1 

2 

3 

4 

5* 

2,96 

9,84 

7,33 

5,84 

7,20 

2,87 

9,64 

7,08 

5,75 

6,98 

2,99 

9,76 

7,33 

5,71 

7,23 

2,95 

9,97 

7,40 

5,35 

7,27 

2,89 

9,65 

7,14 

5,34 

9,96 

2,84 

10,12 

7,57 

6,04 

7,29 

2,91 

M(l) 10,40 

M 7,97 

M 6,46 

M 7,92 

M 3,01 

10,03 

7,61 

6,10 

7,55 

3,00 

10,38 

7,80 

8,16 

7,74 


(1)M —Highest o! the average figures for each coal. 


7,48 

7,20 

7,47 

7.60 
7,25 
7,69 

M 7,85 
7,81 

7.60 


II. — Since the loss of weight when coal is heated to the tem- 
perature mentioned above is not appreciably affected by the 
evolution of hydrocarbons from the coal, the only serious source 
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of error in properly conducted experiments at that temperature 
is oxidation of coal, which causes an increase of weight as drying 
is prolonged. The highest results may therefore be taken as 
the most correct. A consideration of the tables 56 and 7 will 
show at a glance which methods have been found to give the 
highest results with the various coals. 

The question of the detection of added water in coal has been 
raised by Professor Baskerville. This presents some difficulty, 
especially in view of the fact that coal is washed in preparation 
for the market. It might, at first sight, appear that air drying 
would show whether coal contained an excess of water above its 
normal amount or not. A consideration of the manner in which 
the water absorbed by coal will vary with the tension of aqueous 
vapor of the surrounding air indicates that the only way of 
determining 11 added water ” would be to find out the percentage 
of water proper to the coal at the temperature, pressure and 
tension of aqueous vapor which prevailed at the time of loading, 
and to compare this with the actual percentage of water. 

It is only within certain very wide limits that such a determi- 
nation would be possible. Dr. Pollard has made some interesting 
experiments on the question of rehydration of water under vary- 
ing conditions. It is to be hoped that these and many other 
matters which have been brought before us by other members 
may be published separately, as the time and space at our dis- 
posal have not allowed us to do them the justice which they 
may merit, and some of them have only reached us since this 
Report was well under way. 

We feel that the conclusions and recommendations which 
form the next and the final section of this Report are the reason- 
able deductions from the facts presented in the body of this 
Report. 

Conclusions and recommendations 

The work of the Sub-Committee may be summarized in the 
following conclusions and recommendations: 

1. It does not appear that at present any means exist for 
distinguishing by analysis between added water “moisture” 
(which term we take to signify water of adsorbtion; i. e., that 
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due to a concentration of water on the surface of the particles) 
and water of crystallisation or of combination, whatever the 
latter somewhat indefinite term may be supposed to mean. 

2. It is probable that the distinction between moisture and 
water of combination is of little moment in the case of coal, 
since the losses of water: (a) at ordinary temperature under 
greatly reduced pressure, and in the presence of suitable means 
for reducing the tension of aqueous vapor to an inappreciable 
quantity (desiccants), and (b) at temperatures a few degrees 
above the boiling point of water do not differ seriously. 

3. Coal is a substance which very readily undergoes oxida- 
tion, and the best results in the determination of water are only 
to be obtained when the coal is treated in an atmosphere con- 
taining no oxygen. 

4. Coal is a very hygroscopic substance and before being 
dried, must be properly protected in the laboratory from the 
effects of changes of temperature or of atmospheric conditions. 
When dry, it must be protected from any contact with moist air 
or with moisture in any form until the determination is finished. 

5. Unless the initial rate of drying is known to be very rapid, 
the drying should be divided into two periods of which the latter 
is much longer than the former. Unless this is done, it is prob- 
able that an almost constant small loss, continued over a very 
long period, may be mistaken for an inappreciable loss. 

A consideration of the curve on page 83 will illustrate this 
point, which obviously applies with very great force to the 
“vacuum method.” 

6. When the initial rate of drying is very rapid, e. g. at 105° 
or thereabouts, the gain of weight by oxidation may very soon 
become greater than any loss due to a very slow rate of drying 
over a long period. 

7. There is no advantage to be obtained by drying coal at 
temperatures above that of the atmosphere but below, say, 105°C 
Those who have read the body of the Report or who have even 
carefully read the above conclusions will not need to be informed 
that the accurate determination of water in a small sample of 
eoal is a matter of difficulty and requires grave consideration. 
In the case of large samples of relatively coarse coal, the matter 
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is of even greater difficulty. We put forward the following 
recommendations, believing them to be sound, and having due 
regard to the requirements of both the industrial and the re- 
search chemist, but we do not suggest that they are final. We 
do, however, ask that workers shall give them serious considera- 
tion with a view to their adoption. 

We recommend that: 

1. Whenever possible, especially in the case of very moist 
coals, the water in the original sample should be determined 
after it has been subjected to a minimum amount of preliminary 
mechanical treatment (e. g. thorough mixing with rapid crushing 
of lumps), by either of the following methods: 

(а) a carefully weighed portion of from 100 to 500 grams of 
coal is spread out in a metal tray and exposed for at least 24 
hours to the atmosphere of the sampling room. The tray con- 
taining the coal is then reweighed and the percentage change of 
weight is calculated. The coal is then coarsely ground in a mill 
(a ball grinder is best), and the water determined in the ground 
portion by one of the methods given in recommendations 2, 3 
or 4. The water on the original sample can then be calculated, 
or 

(б) the xylene method used by Dr. Constam and given in 
recommendation 5, all results to be calculated back to the 
original coal. 

2. For ordinary technical work , coal should be dried in an 
oven with a good air circulation for a period not exceeding one 
hour at a temperature not below 104° nor above 111°C. It is 
advised that two portions of one gram should be weighed between 
pairs of accurately fitting watch glasses or in a shallow weighing 
bottle which have been heated to the temperature of drying and 
cooled in a good desiccator, and be dried for periods of one-half 
hour and one hour respectively, the upper glass or the lid of the 
bottle being removed during the period of drying, at the end of 
which it should be replaced loosely and the covered vessels 
placed in the desiccator to cool. At the end of the period of 
cooling, which should be equal to that allowed for the heated 
empty glasses or bottles, they should be reweighed and the per- 
centage loss calculated. The higher result shall be considered as 
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the percentage of water in the coal. The required temperature 
can be obtained by the vapor of boiling toluene (111 0 C. at 
760 mm.), by steam at a pressure of 906-1100 mm. or by an 
electrically heated thermostatic arrangement. We advise that 
a long oven with a door in the small end should be used. A 
toluene oven with a preheating arrangement for the air current, 
as described by Siaw (Jour, Soc. Chem . Ind., 1911, 61) or other 
similar device is, in our opinion, a practical arrangement. We 
strongly condemn air ovens and all devices in which the tem- 
perature of the walls of the drying chamber is variable. We 
believe that a fairly uniform temperature in the whole of the 
interior of an oven is only to be obtained when the heated walls 
have an area very largely relative to the cubical contents of the 
interior and are themselves at a uniform temperature. A pre- 
heated supply of air is to be desired. Mere heating without a 
proper air current is unreliable. 

3. Whenever it is suspected that a coal is specially liable to 
oxidation or the one-half hour and one-hour results differ mate- 
rially, drying at 104°-111° in a current of nitrogen or carbon 
dioxide is to be preferred to drying in an oven through which 
a current of air is passing. Either the direct or indirect method 
of estimating water may be used. If the former is chosen, care 
must be taken to prove the dryness of the stream of gas which is 
passed over the coal. The percentage of free oxygen in this gas 
must be inappreciable. This method of drying in a current of 
inert gas is to be preferred for all very exact work. 

4. Drying to constant or minimum weight in a vacuum in 
the presence of sulphuric acid (or other desiccant) possesses no 
advantage over the last mentioned method. It is very much 
slower, and, unless the vacuum is very high, it is better to fill the 
desiccator with carbon dioxide (or other inert gas before exhaust- 
ing). If this method is preferred, a Hempel desiccator, or any 
other form in which a large surface of sulphuric acid is exposed 
both above and below the coal, should be used; the coal should 
be weighed in watch glasses or shallow weighing bottles and the 
loss after, say 24 hours, 72 hours and 144 hours, should be taken. 

With such prolonged periods of drying, the results obtained 
by this method are practically identical with those by method 3. 
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The air admitted into the vacuous space should always be dried 
by passing slowly through or over sulphuric acid. 

5. The method of drying off water from coal by heating in 
boiling xylene and measuring the water which distils over with 
the hydrocarbon, is a variant of the method of drying in an inert 
atmosphere at an elevated temperature. It is worthy of serious 
consideration and, although we cannot, in view of the limited 
information at our disposal, recommend it unconditionally, we 
consider that it is most promising and appears to be particularly 
suitable for industrial purposes. 

6. Coal should always be weighed in closed vessels with well 
fitting lids or stoppers. Deep vessels such as crucibles are un- 
suitable for water determinations. Porcelain or metal boats 
which can be weighed in stoppered or well-fitted sliding tubes 
may be used. 

7. Desiccators with the strongest sulphuric acid which is 
frequently renewed are recommended. If calcium chloride is 
used it must be ignited before it is put in the desiccator. If 
phosphoric anhydride is used it must frequently be stirred. 
These substances are not nearly as convenient or reliable as 
sulphuric acid. 

Annexe 1 

Herrn George-T. Holloway 

Consulting metallurgist, Consulting Chemist, Assayer, London, E. C. 

Die mir seinerzeit gesandten Proben Kohle sind Ihren Wunsche 
gemass auf den Wassergehalt untersucht worden und zwar: 

1) durch Erhitzen im Wassertrockenschrank bei 100°, im 
Leuchtgasstrom ; 

2) durch Erhitzen im Wassertrockenschrank bei 100° (in 
Luft); 

3) durch Trocknen im Luftbad bei 105°C (in Luft) ; 

а) 1 Stunde lang; 

б) 2 Stunden lang; 

4) durch Stehenlassen im Vacuumexikkator fiber Schwefel- 
saure bis zur Gewichtskonstanz; 

iLettre rejue par M. Holloway post4rieuremen.t k la redaction du Rapport. 
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Die Ergebnisse sind in beiliegender Tabelle zusammengestellt. 
Die Zahlen der ersten vier Vertikalspalten sind die Mittel aus 
je 2-3 Einzelwerten. 

Aus den Zahlen der Tabelle ergibt sich: 

a) bei 100° im Leuchtgasstrom wurden durchweg niedri- 

gere Resultate erhalten, als bei alien anderen Versu- 
chen. Nach meiner Ansicht gibt das Verfahren 
unrichtige und zwar zu niedrige Werte; 

b ) bei Zimmertemperatur im Y acuum liber konzentrierter 

Schwefelsaure wurde erst nach so langer Zeit Ge- 
wichtskonstanz erhalten, dass das Verfahren prak- 
tisch nicht verwertbar erscheint. 

c) die drei anderen Versuchsreihen gaben ziemlich iiber- 

einstimmende Werte, die im Wassertrockenschrank 
in Luft erhaltenen Zahlen sind alle etwas niedriger 
als die bei 105° gewonnenen. 

d) zwischen den beiden Versuchsreihen bei 105° ist ein 

nennenswerter Unterschied nicht vorhanden (bei 
Probe 4 ist einer der drei Einzelwerte nach zwei 
Stunden etwas abweichend). 

Es hat demnach keinen Zweck bei 105° langer als 1 Stunde zu 
trocknen. 

Meiner Meinung nach empfiehlt sich dieses Verfahren am 
meisten. 


Dr. Th.-Wxlh. Fresenitjs. 




VORSCHL&GE FUR EINHEITLICHE BENUTZUNG DER 
ATOMGEWICHTSTABELLEN 


E. Merkel 
Nurnberg 

Die Internationale Atomgewichtskommission verSffentlicht 
zur Zeit alle Jahre einen Bericht liber den Stand der Erf ahr ungen 
der Atomgewichte der Elemente. Diese Arbeit ist zweifellos 
eine tiberaus dankenswerte, weil infolge dieses allgemein verr 
breiteten Berichts viel sicherer in weite Kreise der Chemiker 
Kenntnis von den neuen Forschungen auf dem Gebiete der 
Atomgewichte getragen wird, als wenn diese Ergebnisse nur in 
den einzelnen Fachschriften als Spezialabhandlungen veroffent- 
licht werden und nicht in einem zusammengefassten Bericht zur 
Mitteilung gelangen. Soweit es sich urn rein wissenschaftliche 
Zwecke handelt, ist zweifellos diese jahrliche Berichterstattung 
beizubehalten. Fraglich ist nur, ob es wunschenswert und not- 
wendig erscheint, auch jedes Jahr eine formliche Tabelle mitzu- 
teilen. Der ursprlingliche Anstoss flir die ganzen Arbeiten der 
Intemationalen Atomgewichts-Kommission geht von praktischen 
Zwecken aus. Die intemationale Atomgewichtskommission hat 
sich entwickelt durch eine Erweiterung der Kommission der 
Deutschen Chemischen Gesellschaft, die ihrerseits sich mit der 
Atomgewichtsfrage beschaftigt hat, auf Anregung der deutschen 
Kommission ftir die Yereinbarung einheitlicher Methoden zur 
Untersuchung der Nahrungs — und Genussmittel und der Gebrau- 
chsgegenstande. Diese letztere Kommission hatte namlich 
den Wunsch, mindestens bei ihren Vereinbarungen einheitliche 
Atomgewichte zu benutzen, und wollte, um die Entscheidung 
tiber die richtige Wahl eruf eine etwas breitere Basis zu stellen, 
den Rat der Deutschen Chemischen Gesellschaft einholen. Es 
ist dann auch die erste Arbeit der Kommission der Deutschen 
Chemischen Gesellschaft im Jahre 1898 in den Berichten der 
Deutschen Chemischen Gesellschaft, Band 81, Seite 2761 erschie- 
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nen unter dem Titel “ Tabelle der Atomgewichte der Element© 
fur praktische analytische Berechnungen.” Wenn man den 
urspriinglichen Zweck, dass die verschiedenen Chemiker bei ihren 
analytischen Berechnungen fur praktische Zwecke einheitliche 
Atomgewichte benutzen sollen, ins Auge fasst, so muss der 
gegenwartige Zttstand als eine nicht gliickliche Losung der Auf- 
gabe bezeichnet werden. Dadurch, dass die einzelnen Chemiker 
meist nur mit einer beschrankten Anzahl der Atomgewichte 
wirklich zu rechnen haben, pflegen sie nicht jedesmal, wenn eine 
neue Tabelle erscheint, dieselbe auch wirklich in Benutzung zu 
nehmen, sondem sie rechnen haufig mit den alten Faktoren 
weiter und es hangt von vielerlei Zufalligkeiten ab, ob und wann 
ein Analytiker sich einer neuen Tabelle zuwendet. In vielen 
Fallen rechnen iiberhaupt die Chemiker mit abgekurzten Atomge- 
wichten, und dies ist, so lange es sich urn Analysen innerhalb 
eines in sich geschlossenen Betriebes handelt, haufig auch dur- 
chaus nicht zu beanstanden. Wenn aber Analysen verschiedener 
Analytiker mit einander verglichen werden sollen, so ist es 
erforderlich oder doch im hochsten Grade erwunscht, dass den 
verschiedenen Berechnungen die gleichen Atomgewichte zu 
Grunde gelegt werden. Die Fachgruppe ftir analytische Chemie 
des Vereins deutscher Chemiker ist nun der Meinung, dass sich 
dieser Zustand viel leichter und sicherer erreichen lasst, wenn 
man nicht alle Jahre eine formliche Tabelle veroffentlichte, 
sondem wenn dies nur in Intervallen von etwa 5 Jahren geschahe, 
und wenn dann, auf Grimd einer internationalen Vereinbarung, 
man sich darauf berufen konnte, dass in dem gegenseitigen 
Verkehr diese Zahlen von einem hestimmten Datum an zur Benut- 
zung kommen sollten und allgemein als massgebend anzusehen 
seien. Der Einwand, dass man dann etwa eine erhebliche 
Aenderung eines Atomgewichtes langere Zeit hindurch von der 
praktischen Anwendung ausschliesst, diirfte nicht sehr ins 
Gewicht fallen, weil wir doch einerseits damit rechnen miissen, 
dass erhebliche Aenderungen bei den Zahlen der wichtigeren 
Elemente nicht sehr wahrscheinlich sind und auf der anderen 
Seite die Bestimmungen, unter denen die Analysen in der Praxis 
ausgefiihrt werden, von denjenigen der Versuche, aus denen 
die Atomgewichte abgeleitet werden, recht verschieden zu sein 
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pflegen, so dass es an und fur sich iiberhaupt zweifelhaft ist, ob 
man mit der Anwendung richtigerer Atoxngewichte wirklich auch 
aus den Analysenergebnissen die gesuchten Bestandteile zutreffen- 
der auszurechnen in der Lage ist. Fur den Fall, dass, wie der 
Verein deutscher Chemiker beantragt hat, die Intemationalen 
Kongresse in Zukunft nur alle 5 Jahre abgehalten werden sollen, 
wtirde sich empfehlen als Zeilpunkt von dem an die neuen 
Tabellen zur Anwendiing und allgemeinen Anerkennungkommen 
sollen den 1. Januar des Jahres zu wahlen, welches auf die Abhal- 
tung eines Intemationalen Kongresses folgt. Sollte der Beschluss, 
die Intemationalen Kongresse nur alle 5 Jahre abzuhalten, 
nicht gefasst werden, so wtirde sich empfehlen, etwa vom 1. 
Januar 1915 ab zum ersten Male die in Herbst 1914 veroffentlichte 
Tabelle als allgemein giltig zu bezeichnen. 

Wenn die Sektion ftir analytische Chemie des Intemationalen 
Kongresses bei ihren Beratungen dem Antrag zustimmt und 
ihm ihrerseits empfehlend an die Leitung des Gesamtkongresses 
weitergibt, und wenn der Gesamtkongress seinerseits den 
Antrag billigt, so wtirde weiter Seitens der Kongressleitung an 
die intemationale Atomgewichts-Kommission mit der Bitte 
heranzutreten sein, zwar alle Jahre tiber die Forschungen auf 
dem Gebiete der Atomgewichte zu konferieren, aber nur alle 
5 Jahre eine formliche Tabelle ftir den praktisehen Gebrauch 
zusammenzustellen. Es wtirde sich dann natiirlich auch als 
notwendig erweisen, solche Hilfswerke, wie die Rechentafeln 
von Ktister, die gegenwartig alle Jahre erscheinen, nur immer 
in Zeitraumen von 5 Jahren herauszugeben, so dass sie von dem 
betreffenden Datum an immer nur in der neuen Auflage zur 
Benutzung kamen. Es ist nicht zu erwarten, dass etwa nun der 
Absatz solcher Rechentafeln dadurch kleiner wurde, denn 
Ktister berichtet selbst im Vorwort seiner letzten Ausgabe die 
auch von anderer Seite mehrfach konstatierte Tatsache, dass 
sehr haufig Rechentafeln, die viele J ahre alt sind, sich noch im 
Gebrauch befinden. Gegenwartig wird sehr haufig der Wechsd 
weniger davon abhangen ob neue Atomgewichte festgestellt 
worden sind als davon, wann die Rechentafeln abgenutzt sind. 
Dass hierbei naturgemass die einheitliche Benutzung derselben 
Atomgewichte nicht gewahrleistet wird, liegt auf der Hand. 





REPORT OP THE COMMITTEE ON STANDARD METH- 
ODS FOR DETERMINING SMALL HYDROGEN- 
ION CONCENTRATIONS 

The Committee appointed by the President of the Section of 
Analytical Chemistry to consider the advisability of recom- 
mending to the Congress that provision be made for codperative 
investigations of standard methods of determining small hydro- 
gen-ion concentrations respectfully presents to the Section of 
Analytical Chemistry the following report. 

The Committee considers that the problem is one which in- 
volves several factors, each one of which requires more thoro 
experimental investigations before standard methods can be 
decided upon. Of these lines of investigation one of the most 
important seems to be the determination of the extent to which 
different methods of obtaining standard solutions of definite 
hydrogen-ion concentration give concordant results. Such solu- 
tions may be prepared with the aid of mass-action calculations 
by mixing various weak acids or bases with their neutral salts, 
or by using hydrolyzed salts of weak acids or bases, or acid 
salts of polybasic acids. These calculations involve an accurate 
knowledge of the ionization-constants of the acids and bases in 
question and of that of water itself, as well as the validity of the 
mass-action principle. 

Another method of fixing small hydrogen-ion concentrations 
consists of measuring the electromotive force of a hydrogen-gas 
cell containing at one electrode the solution to be investigated. 
This method involves certain theoretical difficulties, especially 
the question of the validity of the ordinary electromotive force 
equation, and the estimation or elimination of the “liquid- 
potential” between the two solutions. 

Since it is most convenient to employ acidimetric indicators 
for comparing the hydrogen-ion concentrations of various solu- 
tions, the problem also involves a thoro study of a number of 
indicators sufficient to cover a range of hydrogen-ion concentra- 
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tions from 1CT 3 to 10" u . This study should include experimental 
determinations of the proportion of each indicator transformed 
into its salt in solutions of various hydrogen-ion concentration, 
and also in solutions containing neutral salts at various concen- 
trations, since these have been shown to have a large effect on 
many indicators. 

This brief statement of the problem will serve to show that it 
is a comprehensive one requiring much experimental work as a 
preli m i n ary to a satisfactory solution. As a means of bringing 
to the attention of chemists the desirability of undertaking inves- 
tigations in this direction the committee suggests that this report 
be printed in the Proceedings of the Congress. It does not recom- 
mend that a permanent committee be appointed at the present 
time, for the reason that the available data are not yet suffi- 
cient to justify such a Committee in proposing even provisional 
standards for determining small hydrogen-ion concentrations. 

A. A. Noyes. 

G. P. Baxter. 

H. N. McCoy. 

Julius Stieglitz. 

E. W. Washburn. 



THE DETERMINATION OF ZINC BY ELECTRO- 
ANALYSIS 


Ellwood B. Speak and Samuel S. Strahan 
Massachusetts Institute of Technology , Laboratory of Inorganic 

Chemistry 

The electrolytic determination of zinc has been attended by 
unsatisfactory results because many of the vital conditions were 
not known and many of the causes of deleterious effects not 
clearly understood. Two years ago an article was published 1 by 
one of us on the causes of the high results so frequently obtained 
and in another article 2 the statement was made that our experi- 
ences with the potassium and sodium hydroxide methods were 
unsatisfactory. Some time later Kemmerer 3 published very fair 
results having used a rapid method with KOH. This method 
is, with the slight modifications we have introduced, one of the 
very best for the determination of zinc. 

Our modifications consist, first; in cooling the solution a few 
minutes before the end of the experiment, and second; in reduc- 
ing the amount of the KOH employed. The reasons for these 
changes are discussed below. We have also carefully investi- 
gated the various causes of error in the employment of this 
method. These causes will be considered later, the procedure 
itself is as follows. 

The zinc to be determined, preferably about 0.4 gm. must be 
in the form of sulfate. Nitrates and ammonium salts must be 
absent. Very little free sulfuric acid should be present because 
potassium sulfate, which is formed when the acid is neutralized 
with the hydroxide, is not very soluble in strongly alkaline solu- 
tion. 10-25 gms. KOH are dissolved in water and the total 

1. Journal of The American Chemical Society, 82 . 533. 

2. Journal of The American Chemical Society, 82 . 532. 

3. Journal of Industrial and Engineering Chemistry, 2 . 375. 
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volume of the electrolyte made up to 125 cc. The solution is 
brought almost to the boiling point and electrolized with a nor- 
mal current density of 3 amperes. A rotating platinum anode 
and stationary nickel gauze cathode may be used but we strongly 
recommend a rotating nickel gauze cathode (see fig. 1) and a 
stationary platinum plate or spiral anode. The cathode must 
be kept completely buried in the solution. The anode should 
be placed above and never at the side of the cathode. The time 
required for complete precipitation varies, of course with the 
size of the cathode. With a cathode area of 100 sq. cm. the 
time necessary was 45 minutes using 25 gms. KOH, and 30 
minutes using only 12 gms. 

7-8 minutes before the end of the experiment the anode and 
the inside of the beaker should be washed down with a small 
amount of water from a wash bottle in order to obtain any zinc 
that may have crept up owing to frothing or stirring. This is a 
precaution that should always be taken in electroanalysis. 

5-6 minutes before removing the electrodes the solution should 
be cooled, with ice if necessary, to below 25° C. The solution 
should be lowered from the electrodes without interrupting the 
current. The cathode should be quickly but thoroughly washed 
first with water, then with alcohol and finally with ether that 
has been very recently dried over sodium and freshly distilled. 
The ether should be immediately dried off the cathode by gentle 
heating and the electrode weighed after standing for one half 
hour in a dessicator. 

The method is capable of giving very good results but this is 
due to a compensation of errors. When the deposit is washed 
with water some zinc is always lost in the wash water while some 
zinc hydroxide is formed at the same time on the electrode. 
These two amounts are small and very closely counter balance 
each other. In tables 1 and 2 we give 16 consecutive results 
using 25 and 12 gms. KOH respectively. The results were not 
all obtained on the same day nor by the same experimenter. 
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TABLE 1 
Amt, 

Amt. 

No. 

taken 

found 

1 . 

0 3946 

0 3943 

2. 

Ct 

3948 

3. 

Ct 

3949 

4. 

ct 

3947 

5. 

tt 

3949 

6. 

ct 

3955 

7. 

ti 

3945 

8. 

cc 

3942 



TABLE 2 
Amt. 

Amt. 

No. 

Taken 

Found 

1. 

0 3946 

0.3946 

2- . 

CC 

a * 

3948 

3. 

** “ 

3952 

4. 

CC 

3952 

5. 

* cc 

3950 

6. 

cc 

3943 

7. 

, cc 

* 

3947 

8. ' 

cc 

3951 


Preparation of the Solutions for the Investigation 

Zinc sulfate: — About 4 gins. C. P. zinc, the purity of which 
had been varified by a careful analysis, were dissolved in nitric 
acid, slightly more than the requisite amount of concentrated 
sulfuric acid was added and the whole evaporated to dryness 
over a water bath. The resulting zinc sulfate was dissolved in 
water and the solution made up to 250 cc. in a carefully calibrated 
flask. 

Potassium hydroxide: — 250 gins. KOH of good quality were 
dissolved in water and the solution made up to one liter. 

Solution for analysis: — 25 cc. of the zinc sulfate solution from 
a carefully calibrated pipet were added to 100 cc. of the prepared 
KOH in a deep 250 cc. beaker. For the analyses using a lesser 
amount of KOH 50 cc. of the solution and 50 cc. water were 
taken. The solution was brought almost to the boiling point and 
at once electrolized. Zinc deposits from hot KOH have a much 
more metallic appearance than those from cold solution and in the 
latter case the results are always too high. The solution must 
not contain nitrates else all the zinc cannot be thrown down. 
One gram of potassium nitrate will almost completely prevent 
the deposition of the zinc. We have not yet investigated the 
cause for this. 
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The Electkodes and theik Manipulation 

Cathode: — Many copper, platinum and nickel cathodes of 
various shapes were tried and the most satisfactory was found 
to be one of our own design as shown in Fig. 1. It is made of 
nickel gauze, 30 mesh to the inch with a stout wire standard of 
the same material. The gauze should not continue to the centre 
to meet the stem because the rotating motion given to the solu- 
tion sometimes causes the centre to become exposed to the air 
and some of the freshly deposited zinc is oxidized to zinc hydrox- 




ide. If zinc is deposited electrolyticaHy and any portion of the 
deposit is exposed to the air a white ring of zinc hydroxide can be 
seen on the upper edges. Our investigations showed that the 
deposit always weighs 2-4 mgs. too much, provided that the 
cathode protruded above the solution. This fact doubtless ex- 
plains some of the high results obtained by many experimenters. 

The upper edge of the cathode should be turned in toward the 
centre for, as the anode is placed above the cathode for reasons 
given below, most of the deposition will take place on the extreme 
upper edge, become bad and fall off if the cathode is shaped as 
shown in Fig. 2. The cathode was rotated at the rate of 400 
revolutions per minute. A rotating cathode is preferable to a 




Congress of Applied Chemistry 


101 



rotating anode because in the former case a much better stirring 
effect on the immediate surface of the cathode is obtained. 
Copper cathodes are not suitable because they oxidize somewhat 
in hot solution and thus introduce an error. Platinum cathodes 
do not give so good zinc deposits as nickel possibly because of the 
difference in polarization effects on these two metals. 

Anode: — As already indicated the anode may be a platinum 
plate or spiral. The ob j ect in placing the anode above the cathode 
is to prevent the oxidation of the deposit by the gases liberated 
by the current. It was found by experiment that the rate 
of deposition was very much slower, and that it was almost 
impossible to get all the zinc out if the anode were placed by the 
side of and close to the cathode. This is an excellent confirma- 
tion of the theory pointed out by one of us in an article in these 
proceedings on oxidation processes at the cathode. 1 

The solution should be cooled for the last 5-6 minutes, with 
ice if necessary, in order that the temperature of the liquid may 
not be above 25 C. when the cathode is removed. At the mo- 
ment of lowering the solution the cathode is covered with a layer 
of KOH which rapidly attacks the deposit if the temperature 
is above 25 C. Some of the zinc would be dissolved and potas- 
sium zincate be formed. When the cathode is washed most of 
this comes off and zinc is thus lost in the wash water. Even 
when the temperature is low some zinc is found in the washings 
but the amount is fortunately small. On the other hand the 
solution must not be cooled too long before the end otherwise 
the character of the deposit is affected. 

The cathode must be washed thoroughly by rotating it in 
water to get rid of the KOH. The water should be cold and the 
work should be done with despatch or an appreciable amount of 
zinc hydroxide will be formed thus invalidating the determination. 
The deposit should next be dipped into alcohol and finally thor- 
oughly wet with ether that has been dried over sodium. Wash- 
ing with alcohol and ether alone will not remove all the KOH, 
and the results will be high if water is not used. The deposit 
should be immediately dried over a heated surface or free flame. 

1. The Coprecipitation of Copper and Carbon by Electrolysis; Oxidation at 
the Cathode. These Proceedings, Secton 10a, Electrochemistry. 
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The ether must not be allowed to evaporate off in the air nor in a 
dessicator else the metal, cooled below the temperature of the 
surroundings, will be covered with a film of moisture that will 
attack the deposit, form zinc hydroxide and therefore increase 
the weight. This was shown experimentally by treating the 
previously dried and weighed deposits with ether, allowing them 
to stand in a dessicator until dry and reweighing. Each treat- 
ment caused an increase of from 2-6 tenths of a millegram. It is 
unwise to heat the deposit much above the temperature of the 
surroundings. If the ether is not recently dried and distilled it 
contains water and oxides that attack the freshly deposited zinc. 

It is obvious that the naked cathode should be treated in pre- 
cisely the same manner before the electrolysis in which the deposit 
is to be when the precipitation is completed. 

The endeavor was made to prevent the loss of zinc in the wash 
water first, by syphoning off the KOH solution and gradually 
replacing it with water; and second, by making the wash water a 
conductor with a few drops of KOH and allowing the current to 
pass through while the cathode was being washed. The first 
method proved a failure because zinc is continuously redissolved 
even during the passage of the current. A portion of this zinc 
was unavoidably syphoned off and lost. Employing the second 
method we succeeded in getting all the zinc on the electrode but 
the results were invariably from 2-4 mgs. too high. This increase 
in weight was doubtless due to the presence of zinc hydroxide 
formed by the action of water on the deposit. 

Our investigations embraced a large number of experiments 
and 180 quantitative determinations. 


Summary 

In this article we have introduced certain modifications of the 
potassium hydroxide method and shown that it is reliable for the 
electrolytic determination of zinc. 

We have shown that this method entails a compensation of 
errors. 

A new cathode has been devised and recommended for use in 
electroanalysis. 
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The following sources of errors have been investigated and 
pointed out: 

1. The loss of zinc in the wash water, counterbalanced by the 
formation of zinc hydroxide on the cathode. 

2. The effect of air on an exposed cathode. 

3. The oxidation of the deposit by anode gases. 

4. The effect of temperature at the beginning and end of the 
electrolysis. 

5. The effect of ether containing water and oxides on the 
deposit. 

6. The high results obtained by letting the ether evaporate off 
the cathode in a dessicator. 

7. The presence of nitrates. 




THE PRODUCTION OF CHLORINE SUBSTITUTION 
PRODUCTS OF METHANE FROM NATURAL GAS 1 


Charles Baskervtlle and H. S. Riederer. 

College of the City of New York , New York , N. Y. 

One of us (C. B.) has discussed elsewhere 2 the attempts which 
have been made to effect a chlorination of methane in order to 
obtain satisfactory yields of substitution products* It may be 
noted here that while the formation of methyl chloride, dichlor- 
methane, chloroform and carbon tetrachloride from methane 
has been experimentally shown by several investigators operat- 
ing with various methods, and a number of processes have been 
patented for the production of these and other halogen deriva- 
tives of methane 8 so far no process has been worked on a com- 
mercial scale. Since there is an abundance of natural gas 
containing 50-90 per cent, methane produced in this country, 
the problem is of some importance, — one which we thought 
would bear investigation along lines differing in certain respects 
from those hitherto followed. 

In general, it may be said that the ultimate object of those 
studying the matter has been to produce a constant yield of an 
intermediate product. Bearing in mind the demonstration of 
Phillips, 4 that the tendency of methane when chlorinated, is 
to constantly produce either methyl chloride or carbon tetra- 
chloride, it occurred to one of us (C. B.) that it would be more 
advantageous to obtain the end product, from which, among 
other products, chloroform could be prepared by reduction. 

1 The authors have filed applications for patents on the novel features 
presented in this paper. 

* J. Ind. Eng. Chem., 4 , 216 (1912). 

•Mallet, U. S. Patent 220,397, October 7, 1879; Colin, U. S. Patent 427,- 
744, May 13, 1890; Elworthy and Lance, French Patent 353,291, May 15, 
1905; Mackaye, U. S. Patent 880,900, March 3, 1908, and 1,009,428 Novem- 
ber 21, 1911; Walter, German Patent 222,919, November 5, 1909; and Pfeifer 
and Szaroasy, 12,058, D. A run. P. 24,872, Sept. 25, 1911. 

•Am. Chem. J., IS, 362. 
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Accordingly a number of experiments were conducted with a 
view of devising a commercial process for the production of carbon 
tetrachloride from natural gas. 

Experiments Wherein a Spark Discharge was Employed 


In preliminary experiments, an apparatus similar in principle 
to that used by Phillips, was employed. It was finally decided, 
however, to construct an apparatus with a closed circuit, pro- 



F13 I 

Figube I. 

A, Chlorine cylinder; B, receiver for substitution products of the reactions; 
C, condenser; D, pressure gauge; E, hydrochloric acid absorption chamber; 
F, funnel for introducing water; G, electric heater; H, tube for introducing 
natural gas, which plays between carbon spark terminals K; L, cock for re- 
leasing pressure. 

ducing a circulation of the gases by heat on the rise, cooling 
on the drop, and recovering the products in a trap at the bottom; 
suitable openings to be made in the apparatus for the intro- 
duction of chlorine and natural gas, and for the insertion of 
spark terminals in such a manner as to bring the spark in the 
junction line of the gases. The apparatus constructed along 
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these lines is illustrated herewith (Figure 1.) Several modifi- 
cations were made in this apparatus during the course of the 
experiments, and in the later experiments a horizontal reaction 
chamber (Figure 2) provided with a glass pocket for the col- 
lection of any condensation products in a liquid form and with 
a hollow carbon terminal for the introduction of the natural 
gas 1 was used. In the experiments wherein this form of reaction 
chamber was used, just as in the case of the original form of 
chamber, bridging between the carbon terminals invariably 



¥ 


rij. a 

Figure n. 

A, hollow carbon transmission tube for natural gas; this carbon is one 
terminal; B, solid graphite spark terminal; C, reaction chamber of glass; D, 
chlorine inlet; E 7 exit for gaseous products of reaction. 

occurred, although combustion, ensued almost immediately upon 
starting the spark. A very small yield of products was obtained. 

The first three runs, using the original form of apparatus, 
showed that chlorine substitution products could be obtained, 
although the character of the products could not be determined 
owing to the small yields. The spark in these runs generally 
showed a dual character, partly resembling an arc and partly 

i Besides natural gas, methane, prepared by various methods, was used 
in preliminary experiments. In the following experiments, however, natural 
gas alone was used. 
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presenting the true color of a spark. Undoubtedly there were 
considerable ultra violet rays in this latter portion. 

In the runs, using the reaction chamber illustrated in Figure 2, 
the spark showed little of the deep blue and more of the flame. 
Since the gas was continuously directed into the spark, it burned 
continuously. 

In the first three runs it is doubtful if the flow of natural gas 
was continually into the direct line of the spark, as no continu- 
ous flame was observed as in the runs with the modified apparatus, 
and it seemed reasonable to conclude that whatever chlorination 
was effected was through the agency of the ultra-violet rays 
and not by the combustion. 

In all of the above experiments natural gas saturated with 
water was introduced into the circulating atmosphere of chlorine. 

Experiments Wherein Ultra-Violet Rats were Utilizer 

The apparatus used in the experiments which follow next was 
constructed as shown in Figure 3. The reaction chamber was 
a cruciform tube of glass, through two opposite components 
of which was inserted a quartz tube containing iron terminals. 

In beginning, the apparatus was foiled with chlorine, the heat 
and the spark started, and then natural gas (80-90 per cent, 
methane) was admitted. The pressure variations showed that 
a reaction occurred, but no product could be observed except 
a crystalline film suspended on the water in the receiving vessel. 
About 5 liters of natural gas were used. Even after continuing 
the run for 8 hours, during which time 3$ liters of natural gas 
were used, no appreciable product was obtained. Accordingly 
the apparatus was changed so that the natural gas was admitted 
below through the U-tube intended for a drain, causing it to 
bubble through the hydrochloric acid in the receiver. 

In the next experiment, a considerable quantity of product 
collected in the receiving vessel. 7\ liters of natural gas were 
used and the temperature of the heater was maintained so low 
that no vapors were observed in the rising tube above the furnace. 
After another run, in which 3^ liters of natural gas were used, 
the apparatus was disconnected and the product was separated 
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from the hydrochloric acid in the receiving vessel. 10 cc. of 
product were obtained, this was purified and fractionated. The 
first fraction came over at about 64 deg. C., and the fractions up 
to 76 deg. C. were collected. A second fraction was then taken 
up to 88 deg. C. and a residue remained in the fractionating 
bulb. The first and second fractions were colorless and clear, 
while the residuum possessed a yellow color. The first fraction 
amounted to about 75 per cent, of the total, the second and 
the residue to about 12.5 per cent each. These experiments 
showed that approximately a 20 to 25 per cent, yield of carbon 
chlorides ( chloroform and carbon tetrachloride) could be obtained 
from natural gas, using a circulating atmosphere of chlorine in 
the apparatus described. 

In the succeeding experiment the apparatus was made abso- 
lutely air-tight and a thermo-electric couple was introduced into 
the furnace to enable temperature readings. A run was made 
without a spark. Preliminary experiments showed that but 
a slight reaction occurred and that the crystalline product (hexa- 
chlorethane) formed was inappreciable, although very little 
natural gas was used; accordingly no further experiments were 
made without a spark with this apparatus. 

In the following run, which lasted for 8 hours, considerable 
product collected, and the yields seemed ^to be in proportion to 
the natural gas used. The next runs were made after sweeping 
the apparatus with chlorine. After natural gas and chlorine 
were both added, the reaction proceeded smoothly and it was 
finally stopped by admitting chlorine alone. The product 
amounted to 14 cc. from about 10 liters of natural gas; this was 
purified and fractionated, and was found to consist of carbon 
tetrachloride and a small amount of chloroform and hexachlore- 
thane. 

From the next experiments, an outlet siphon for the hydro- 
chloric acid produced and an inlet tube for natural gas were 
provided in the receiver. The apparatus was completely filled 
with chlorine, but no heat was used in the circuit. About 4 liters 
of natural gas were used in each run, and considerable product 
was obtained; the product was not separated owing to the fact 
that it was in part distributed throughout the apparatus. It 




iHH 



Figure IV. 


A, Reaction chamber of glass; B, large thin walled quartz tube; C, TJviol 
lamp inserted after current is started; D, tube connection to manometer; 
cock for releasing pressure; F, funnel for introducing water; G, trap; 
, tubes for introducing natural gas before or after the heater, I; K, chlorine 
inlet; L, condenser; M, receiver; N, syphon for removing heavy products of 
reaction; O, syphon for removing water solution of hydrogen chloride produced 
in the reactions. 
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was determined that the product is very sparingly soluble in 
hydrochloric acid and chlorine water. Attempts were made to 
ascertain whether the ultra-violet rays have any influence on 
the reaction between chlorine and methane. Beginning with 
daylight, the ultra-violet source was then started and observa- 
tions were made on the speed of the reaction. As in the preceding 
experiments, the issuing natural gas was saturated with water 
by passage through a water bottle. However, the variations 
in pressure were not sufficiently marked to lead one to infer 
that the ultra-violet rays have any effect on the reaction. In 
order to definitely establish this fact, a reaction chamber was 
constructed to accommodate a “Uviol” lamp to replace the 
spark section. Provisions were also made for exposing, or not 
exposing, the mixed gases to ultra-violet light, depending upon 
what was necessary to produce a reaction, for drying the gases 
by passage through sulphuric acid after the separation of the 
products of chlorination; and for passing the residual gases over 
quick-lime, the form of apparatus used is shown (Fig. 4). 

Beginning with a full charge of chlorine, the apparatus was run 
for one day and no appreciable reaction could be observed. 
From the experiments made, it seemed probable that the ultra- 
violet rays are not the necessary active rays required, for it was 
found that the reaction occurs in daylight, and the passage of 
th p solar rays through glass would exclude ultra-violet light. 
F?om the observations made so far, it appeared that the solution 
of ; the problem was to find the proper rays. Therefore, the “ Uviol” 
lamp was removed and the aperture closed. 

A tungsten filament lamp was mounted outside of the reaction 
chamber, surrounded by a reflector, and no appreciable reaction 
occurred, although runs were made under varying conditions. 
Using an incandescent gas mantle containing 10 per cent, of 
ceria, whereby the proportion of red rays was increased, with 
and without the aid of daylight, the reaction was practically 
nil, while with a mantle containing 3 per cent, of ceria only a 
slight reaction occurred. With the 3 per cent, ceria mantle, the 
reaction would take place when daylight was admitted, but would 
practically cease in the dark. At times a slight reaction was 
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noted when working in the dark, but this was attributed to 
diffused light entering through the laboratory door. 

In the next series of experiments a projection lantern, using 
only one condenser lens and ordinary carbons, was placed in 
such a position as to light the upper section of the reaction 
chamber. The lantern was run on an 8 ampere 235 volt current, 
and it was shown conclusively that the arc light causes the 
reaction to take place. Colored screens were then interposed 
between the lantern and the reaction chamber, and in this manner 
the rays favoring the reaction were determined. A spectroscopic 
examination of the screens (solutions of coal tar dyes, blue, 
green, red and yellow such as are used in the Pinatype color 
photography outfit) showed that the blue screen passed through 
the green and gave but a dim indication in the deep red; and 
that the green cut out every ray except the green with a blue 
fringe; and that the yellow and red screens excluded the blue 
end of the spectrum along with part of the green. A number 
of experiments demonstrated that the unscreened arc light and 
the arc light screened with the blue allowed a good reaction 
speed, while the interposition of the green, yellow and red screens 
slowed down the reaction almost immediately and to a considera- 
ble degree; on replacing the blue screen, however, the reaction 
was at once accelerated. It was found that it made little differ- 
ence whether chlorine or natural gas was being run into the 
apparatus, except that the character of the product varied ac- 
cordingly. Further experiments showed that the blue end of the 
spectrum is the active agent for the reaction of chlorine and 
natural gas. It was found that screening is of little use, since 
the inactive red, yellow and green rays are hardly of an interfering 
character. The primary important condition was found to be 
a source of light rich in the rays of the visible blue spectrum, 
that is, the spectrum from the bluish green through the visible 
violet. We have found that the invisible spectrum (the ultra- 
violet) does not induce the desired activity and that it plays 
little part in the reaction. 

As it was not always convenient to fuse the large glass tubes 
in making connections, it may be of interest to give the method 
resorted to for making tight junctions through which such corro- 
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sive gases as chlorine and hydrogen chloride may be passed. The 
glass tubes are first cut smooth and closely fitted to each other. 
The junction is then wrapped with wet thin sheet of asbestos 
paper. After drying the asbestos is given several coats of Bakelite 
varnish No. 4. The next day this is tightly wrapped with elec- 
tric adhesive tape and thoroughly coated again several times 
with the Bakelite varnish. 




ACTION OF SOME FLUORINE COMPOUNDS ON 
CLAY, WATER, ETC. 

D. H. Childs 
Buffalo, N. Y. 

Addendum to Volume II, p. 67. 

Since -writing the paper as printed in Vol. II, p. 67, the follow- 
ing observations were made. 

Absobption of Hydeofltjobic Acid Gas 

Gas run for one hour, as usual, through the tower, which was 
thoroughly rinsed afterwards, the rinsings containing the acid. 
Tower filled with coke, wet with water, no water flowing. 


Air 4.9 cu.ft. 

Time 1 hour. 


N. Alkali used 29 cc. 

Same conditions, except Green Clay in tower in place of coke. 

N. Alkali used 38.3 cc. 

Elimination of Silica by Hydbofltjobic Acid Gas 

Lump clay was heated in an iron crucible, and the gas passed 
over. Before passing the gas the clay was heated for the time 
and at the temperature shown below. The attached notes show 
the results: 

Before gassing. After gassing. 


Time 75 minutes. A few minutes. Silica blown 

over, clogging the tube. 

Temperature 250°C. 250°C. 
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Second Run. Using the same clay. 


Time 1 hour. Heavy deposit of Silica 

in Bakelite tube which car- 
ried gas to the water. 

Temp 240°C. Fluor Spar used to 

make acid. Acid caught 
3 . 6 cc Normal. 

Third Run. New lot of clay. 

Time 55 minutes. 35 min. Silica ring formed as 

before in tube. 

Temp 140°C. 145°C. Fluor Spar. Acid 

caught 17cc. N. 


Fourth Run. Some Clay from first run used. Clay placed in 
Pt. crucible, and heated to 250°C., HF made from Ammonium 
Fluoride free from silica used. Sample taken, 4 . 2 g. 


Wt of Crucible and sample before gassing 16.1895 g. 

“ “ “ “ “ after “ 15.900 

“ lost in the HF treatment 2895 

Loss on Ignition of original material on which this 

run was made 12.41% 

Loss on Ignition after the HF treatment described 

above, based on weight before treatment 15.53% 

Loss during HF treatment 6.82% 


Heating a Mixture of Clay and Aluminum Fluobide 

10 g. China Clay, 

23 g. Fluoride. 

These were well mixed and a sample of 5 g. taken in a platinum 
crucible. It was heated for periods of 45 minutes each and 
weighed. Air was passed over to carry off any acid or water 
that might distill. In the one set steam was lead over with the 
air. I thi nk the temperatures are more accurately determined 
in this series than in the one when the temperature of decompo- 
sition of the fluoride was tested. At point marked XX a trace 
of acid was shown in the gases coming out by smell and by 
absorption in water. 
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No Steam With Steam 


Temperature 

Loss in weight 

Temp. 

Loss in weight 

120°C. 

0.1335 g. 



185 

.4245 g. 



250 

.2135 g. 

210°C. 

0.688 g.xx 1 hour 

450 

.1370 g.xx 

450°C. 

.199 g. 55 min. 

700 

.2600 g. 


.3 cc N. alkali in 

700 

.1210 g.25min. extra 

both cases 

900 

.1970 g. 



1100 

.7250 g. 




The 900° was estimated from color, being a bright red one half 
way up; the 1100° was over a blast-lamp which would not melt 
copper in a small porcelain crucible in an hour, nor would two 
such lamps. 

Summary 

These notes show that the absorption is greater when the 
tower is filled with clay than when coke is used; that silica is 
eliminated at the low temperature of 140°C. by passing HF gas 
over the day; that the reaction is much more rapid at about 
1000°C. than at lower temperatures, possibly because the work 
done the HF came off more rapidly at that temperature; 
that steam does not appreciably hinder the loss in weight, when 
the time is taken into consideration, (though whether this loss 
is silica or HF does not appear, except that the amount of acid 
caught was small). 

In an attempt to find the conditions for equilibrium in the 
system Water-Silicon Fluoride-Hydrofluoric Acid-Silica a tube 
was set in a heating chamber, some Silicon Fluoride passed in, 
0.12 g. water added, the tube connected to a gas burette and 
as the gas was heated the pressure was kept constant and the 
volumes read, or rather the increase of the volume. The volume 
of the tube was deter min ed by Boyles law, and the volume the 
gas would have occupied if there had been no chemical action 
was calculated on the basis of the space heated containing as 
much water vapor as it would have contained had it been at the 
temperature of the burette outside the heater. In support of 
this assumption it may be said that water collected in the tube 
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just outside the heating chamber. The curves resulting from 
these observations are not yet completed to my satisfaction, and 
I do not wish to do more than to mention some of the points to 
be noted: 

I. In one curve a very decided break in the curve at 110°C. 
where it stopped its rapid increase in volume for a time. In 
another attempt where a larger amount of water was used the 
break came at 107°C., these breaks corresponding to the boiling 
points of those solutions, presumably. 

II. When the gas mixture was heated rapidly the volume 
attained seemed to be the same as when the heating was slow, 
while on rapid cooling the volume was much greater than it had 
been at the corresponding temperatures during heating. On 
slow cooling the volume was the same as on heating to the same 
temperature. This may be due to the small amount of silica 
present, it being solid. 

III. In accord with Le Chatelier’s rule, the reaction is seen 
to proceed toward the HF plus Silica side as the heating is 
continued. 

Mention was made to the writer of a statement to the effect 
that in presence of the fluorides iron is more rapidly changed 
from ferrous to ferric. To test this point solutions were made 
up containing ferrous iron and in half of them some ammonium 
fluoride, and in all excess of sulphuric acid. These were tested in 
pairs with potassium permanganate, and no difference found, 
although one pair was left 24 hours before titration, and was 
heated for half an hour to 50°C., with shaking. 

In closing, allow me to express my thanks to Dr. W. G. Wilcox, 
of the National Carbon Co., Cleveland, Ohio, for his assistance 
in the analysis of the problem before me. 




ALUMINA, HYDROCHLORIC ACID, CAUSTIC ALKALIS 
AND A WHITE HYDRAULIC CEMENT BY A NEW 
PROCESS FROM SALT, CLAY AND LIME 

Alfred H. Cowles 
Sewaren , N. J. 

Since 1862, or earlier, the proposal has been in the literature 
to produce hydrochloric acid and potassic or sodium compounds 
from salt and clay by passing steam over the mixture at a high 
temperature. 1 These proposals have all been condemned as 
impracticable by Thorp's Dictionary, Lunge and other high 
authorities. 2 * * * * * 

It was not until 1902 that a method was patented by Adolf 
Kayser to effectively and economically separate the silica from an 
alkali-silico-aluminate formed as one product in the above 
process. 8 

From another cause, the attempts to render this process a 
success when carried out on a commercial scale, resulted in 
failure. Namely; if moist clay and salt alone be mixed together, 
moulded in the form of perforated briquetts, and after drying, 
b e heated to a good red heat, but not high enough to melt the 

i English patent No. 2050 A. D. 1862 of William Gossage. English patent 

No. 2679 A. D. 1874 of Herman Gruneberg and Julius Yorster. A number 

of American patents to Adolf Kayser between the years 1886 and 1896, also 
English patent No. 11492 to Adolf Kayser. 

* Lunge Yol. 2 page 429, 1895 Edition. “Heating sodium chloride mixed 
with day in a current of steam according to Vorster and Gruneberg, produces 
sodium silicate and steam (?) The temperature is so high and the wear and 
tear of the apparatus so great, that this process is not practicable.” 

Thorp’s Dictionary of Applied Chemistry Vol. 3, page 454. Referring to 
the attempts of Gossage, (1862) Gruneberg and Vorster (1876) and of Lieber 

(1878) states that the temperature required for the decomposition of salt 
is too high and the vessels employed cannot be made to last, and for these 
accounts the attempt had no practical results. 

* U. S. Patent to Adolf Kayser dated Sept. 5th, 1901. Issued Sept. 9th, 1902* 
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final product; and vapor of water be passed through the mass, a 
chemical action begins on all surfaces of each heated briquette. 
The vapor of water gives oxygen to the sodium of the salt, and 
hydrogen to the chlorine, thus hydrochloric acid passes off as 
a vapor, while sodium monoxide combines with the silica and 
alumina of the clay, forming sodic-silico-aluminate. This action 
slowly passes inward from the surfaces of all heated briquettes. 
The conversion of the material from the outer surfaces inwards 
is slow. Kayser, in the nineties found that it took seventy-two 
hours for the change to penetrate through a briquette wall, from 
its two sides, that was scarcely more than one-half an inch in 
thickness, and this in a furnace capable of containing many tons 
of such material. Here is one of his briquetts. It has a crys- 
talline structure. Though shrunken some, it retains its moulded 
form. 

The result of this slowness of action involved a too long heating 
of the briquetts, necessitating an abnormally large volume of 
nitrogen and fuel gases passing through the furnace to effect 
the result. The quantity of these inert gases was so great, that 
the hydrochloric acid fumes evolved, were not capable of efficient 
and practical condensation. 

Adolf Kayser died in Lockport, N. Y., November 26th, 1910 
of heart failure at the age of seventy-three. He came originally 
from the Hertz mountains, a simple yet energetic man in his hab- 
its, one loved by all and highly admired by those who could 
understand his clear philosophical reasoning. He, like Lablanc, 
failed to realize his thirty years dream of success. Unlike 
Lablanc, he was happy in his latter years in following his passion 
for original chemical research. He discovered a soluble sodic- 
silico-aluminate of high detergent value, now finding its way into 
commercial channels as a substitute for soap. 

While he was thus employed as a chemist with The Electric 
Smelting & Aluminum Company of which the reader is Presi- 
dent, I suggested that we make up some salt and clay briquetts 
adding charcoal or sawdust to the mixture to render them porous 
during heating; and test them out m a comparable manner with 
similar briquetts of clay and salt alone such as he had formerly 
used in his attempts to render the process mentioned commercial. 
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He did not think this mixture would work, as he was positive that 
it would destroy the oxidizing atmosphere needed in the operation 
to prevent the formation of valotile aluminum chloride (A^Cle). 
I believed that an oxidizing atmosphere was only necessary around 
the briquetts, and that it would gradually penetrate the mass 
of each briquette, and that a reducing atmosphere at interior 
portions of each briquette could not interfere with the desired 
re-action, as any aluminum chloride formed, would of necessity, 
change to oxide before leaving the briquette. Without men- 
tioning this to Dr. Kayser, I insisted upon the trial being made. 
It was made. The bricks containing charcoal were converted 
into sodic-silico-aluminate in one-ninth the time that was required 
with like briquetts containing no charcoal. Seventeen degrees 
Beaume acid was condensed from a small apparatus in the face 
of imperfect control. 

This experiment opened up an entirely new vista of success to 
the process. It meant that the volume of fuel gases and nitro- 
gen necessary to pass through a charged furnace would become 
so reduced, as to permit of efficient commercial condensation of 
the hydrochloric acid evolved. It meant a great saving of fuel, 
and far greater capacity of output with the same cost of plant. 
The doctor and myself became equally enthusiastic. Our 
company acquired his patent for opening or rendering soluble 
the alumina in the form of sodic-aluminate from the sodic-silico- 
aluminate briquetts produced, and after two years or more of 
added experimental work in the laboratory, a large plant has been 
erected at Sewaren, N. J. The pictures from the lantern were 
taken before the plant was completed. 

The process as a whole is easily understood. The clay, car- 
bonaceous matter and salt are made into perforated briquetts, 
and after being dried in a drying kiln, they are passed on flat 
cars through a long furnace of the tunnel type which brings the 
briquetts to a temperature of about 1035°C. 

Knowing the composition of tho clay, and the percentage 
of salt in the mixture, steam is blown into the discharge end of 
the furnace over a train of cars covered with fire brick, with their 
iron parts sealed off, while through a vestibule at the other end 
of the furnace, loaded cars are gradually pushed forward by a 
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hydraulic pusher whose speed is under control. The weight and 
composition of the material on the cars thus fed into the furnace 
is known, and the correct proportional weight of exhaust steam is 
passed into the furnace from the opposite end. From the charg- 
ing end, the gases at a temperature too hot to attack iron, are 
sucked by a large blower and forced through a large hydrochloric 
acid condensing system. The temperature of the furnace is con- 
trolled by oil heat and measured by pyrometers. Most of the 
heat required is furnished by the carbonaceous material mixed 
with clay and salt of the briquetts. The re-action that takes 
place will vary according to the composition and mixture of the 
aluminous material and the salt, but typically, the final re-action 
is as follows: 

Al*0*2 Si0 2 +4 NaCl+2 H 2 0+XH 2 0+XC+X0 - 

(Na*0) 2 (Si0 2 ) 2 Al 2 0 3 +4 HC1+XH 2 0+XXC0 

The surplus vapor of water, and the hydrochloric acid gas, are 
carried into the condensing apparatus and are condensed. The 
briquetts maintain their original form as the cars bearing them 
are gradually pushed out of the discharge end of the furnace, 
having been cooled by the inflowing rush of measured steam and 
a limited quantity of air. 

The sodic-silico-aluminate briquetts formed have been made 
containing as high as 33% of sodic oxide. The above re-action 
would give 35.8% Na^O. There is no appreciable loss of salt. 
While pure clays are preferred, all small amounts of iron pass 
off as iron chloride with the hydrochloric acid and are condensed 
with the first hydrochloric acid in the first condensers of a multi- 
ple series system. The acid produced is remarkably pure, free 
from arsenic, and but traces of sulphuric acid can come from iron 
pyrite if the same is in the clay. When briquetts are made 
containing 32% of sodic-oxide, the output of 30% hydrochloric 
acid should be about one-and-a-half tons of acid to one ton of 
salt and clay charged into the furnace. 

The next step in this process is, to open the sodic-silico-alumi- 
nate, which is acid, to secure from it the sodic aluminate which 
it contains. This is accomplished by heating a mixture of ground 
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acid salt with just sufficient lime to combine with the silica in it 
and form di-calcium silicate. 

(Na 2 0)2(Si0 2 )2 Al 2 0 3 +4(Ca0) =2(CaO) 2 (Si0 2 ) + (N^ 0 ) 2 Al 203 
Limestone, calcite or marl in their chemical equivalent to lime 
may be used instead of anhydrous lime. 

In the re-action just given above, any amount over two molec- 
ular weights of calcic oxide to each molecular weight of silica, 
leads to formation of insoluble calcic aluminate, and less than 
two molecular weights, is not sufficient and leaves undecomposed 
sodic-silico-aluminate. In each of these cases, marked loss in the 
recovery of alumina may occur. The mixture of lime and the 
acid salt is heated in a rotary cement furnace, or in a furnace of 
the t unn el type as above described, just to its clinkering tem- 
perature. After its discharge from the furnace, it is broken into 
fragments and these are in an excellent physical condition for 
effective leaching. Very nearly all of the sodic aluminate may 
be leached from this clinker, while there is left behind a white 
mass of dicalcium silicate containing some sodic aluminate. 

Having secured the sodic aluminate in solution, the method 
of procuring the alumina and caustic soda therefrom is that 
already in universal use. 

The residue of dicalcium silicate when heated in a cement 
furnace with one molecular weight more of lime gives a clinker 
that conforms in composition to Newbery’s formula for the best 
and strongest hydraulic cement, but it has the advantage that 
all of the iron oxide has already been removed from the silica that 
goes into its composition, thus rendering it easy to secure a white 
cement by the use of limestone free from iron. 

Such cement sells at about four times the market price of ordi- 
nary cement. 

This process opens the way to secure the alumina cheaply, 
or as a by-product in conjunction with these other products, of 
great consumption in the industrial arts. There is required, 
1.9 pounds of al um ina, to produce one pound of aluminum by the 
present method of manufacture. This costs six and one half 
cents and is the heaviest item of cost in producing this metal. 
By the general introduction of this process, we may hope to see 
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the cost of production of the metal aluminum reduced four or 
five cents a pound. 

This process also furnishes a key to unlock the stores of potash 
from the world's mountainous masses of potash feldspar. As 
one way to do this effectively, the feldspar should be ground and 
mixed with either chloride of sodium or chloride of potassium 
and made with some clay and sawdust into the form of briquetts, 
then passed through a furnace under conditions similar to those 
described above. The solid product should then be submitted 
to Kayser’s lime opening process. The clinker on leaching gives 
potassic aluminate or a mixture of this with sodic aluminate from 
which the alumina may be separated, and the salts of potash or 
potash and soda secured for use in fertilizers. The residue 
from leaching can then be converted into hydraulic cement. 

A study of the re-actions herein given in connection with the 
volatilizing temperatures of the various chlorides of the common 
metals will throw much light upon the geological theories of 
formation of intrusive mineral veins. 

Before closing this paper, I wish to express my pleasure at 
being able to do homage to Mr. Kayser and make known the 
splendid work of an able enthusiastic genial chemist, without 
whose aid the above described process as a whole, would never 
had attained the completeness that it now has, and the great 
usefulness that future years will confirm. 



( Abstract ) 

ZEOLITES, NATURAL AND ARTIFICIAL 
Commercial Application of Artifical Zeolites 

Thomas R. Duggan 
New York , N. Y. 

In. this paper it is shown that zeolites were known at an early 
date, and the part taken by them in vegetation, and the absolute 
lack of scientific investigation until quite a late date, when Dr. 
Gans, Professor of the Mining Academy of Berlin, examined 
many natural zeolites to determine their nature and the character 
of various interchanges they underwent in presence of various 
solutions. 

The capacity of substituting bases varies considerably in the 
various minerals. Difference in behaviour in cases where the 
disparity in the percentage composition is not nearly so great 
led Gans to the assumption that the zeolites varied among them- 
selves in constitution, and it was this variation which occasioned 
the difference in chemical properties. Gans ultimately succeeded 
in proving that there are two classes of zeolites. (Annual Re- 
ports of the Royal Prussian Geological Institute, 1905-6.) 

These results illustrate the difference between the zeolites 
introduced by Ruempler into practice, and those introduced 
later by Gans. 

Gans has divided the zeolites containing aluminium into two 
classes: — 

1. Zeolites which contain the alkaline earths and alkalies 
mostly combined with silicic acid, the bases of which can only 
be substituted in a very small proportion within a given time, 
and which he summarily described as “double silicates of alu- 
minium.^ The alumina and the alkali and alkaline earth base 
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each substituted uniformly one hydrogen of the hydrate of 
silicic acid. 

2. Zeolites which contain the alkaline earths and alkalies com- 
bined principally with alumina, and which substitute their 
bases nearly completely within a very short time. Gans called 
these “aluminate silicates,” and are known commercially as 
“Permutit,” as this description is best suited to describe their 
nature. The bases in these silicates are for the most part com- 
bined with the silicic acid by means of hydrate of alumina, one 
or two of the hydrogens of silicic acid being substituted by the 
group — Al(ONa), or less likely perhaps the group Al(ONa). 

(OH) 

Double silicate of alumina of the first group would be analcime, 
with the formula: Na*Al 2 Si 4 O 12 + 2 H 2 O, which could be expressed 
graphically thus: — 

Si— ONa Si— ONa 

IW OH 

0 0 0 or 0 0 0) 

/ / X/ |ai( 0H) 2 
Si— OAIOH 2 Si— 0) 

Chabasite belongs to the second class, with the formula: 
N aiAlsSUOu + 6H 2 0 , which could be expressed graphically thus: — 

OH 

/ 

Si— OH 

I 0A1)0H 

0 )ONa 

1 OH 

/ 

Si— OH 

\h 

Gans measured the absorptive power of the zeolites by digest- 
ing them two days with the above-mentioned Knop’s solution 
of ammonium-chloride, and found that of the 129 mg. of the 
nitrogen contained in the solution there had been absorbed: — 
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By the Apophyllite 00.0 mg. 

“ Analcime 3.6 “ 

“ Natrolite 29.1 “ 

“ Zeolite Ruempler 30. “ 

11 Desmine 42. “ 

11 Stilbite 47. “ 

“ Chabasite 69. “ 

“ Artificial Zeolite of Gans 97. “ 


The above table shows that Ruempler’s zeolites belong to the 
class of the aluminium double silicates owing to their inferior 
absorptive power. 

Gans was the first who succeeded in manufacturing the so- 
called aluminate-silicates. He melted together three parts of 
kaolin, six parts of sand, and twelve parts of soda. The molecu- 
lar composition of the resultant silicate is given by: 

AI 2 O 3 -J- 10SiO2+ ION a^O . 

The interesting part in the manufacture of Gans’ artificial 
zeolites is that the method used is in accordance with nature’s 
own methods. 

The decaying process in nature takes its course according to 
no set rule, but in the artificial process, in Permutit manufacturing, 
the conditions must be carefully watched, and care has to be 
taken that the hydration does not go farther than the zeolite 
stage. This condition is the most difficult part in the manu- 
facture of these substances. If carried on too far it would lead 
to decay, and if stopped too soon products of a felspar nature 
would be obtained. “Permutit” as named by Gans is derived 
from the Latin “Permutare” — to exchange. 

The industrial uses of Permutit may be summarised thus: — 

(1) Softening of water. 

(2) Eliminating iron and manganese from water. 

(3) Sterilising of water. 

(4) Manufacturing of salts of a base by double exchange. 

(5) Eliminating dangerous alkaline salts from the diffusion 

juice in the sugar industry. 

(6) Obt aining gold from very dilute solutions, and many 

other exchanges which will readily occur to the chemist* 




128 


Original Communications: Eighth International [vol. 


The most interesting property of Permutit is its power to 
exchange its own base by substitution of other bases. This 
process of interchange goes on extremely readily and follows 
closely the stoichiometric laws of chemistry. 

The action of Permutit depends on its property of interchang- 
ing bases. Sodium Permutit has the formula 2Si02Al 2 0 3 Na20 
+6H 2 0, and obviously its base is sodium. Now in hard water the 
bases are calcium and magnesium. If a water of given hardness 
is filtered through a bed of Sodium Permutit, the sodium in the 
Permutit is replaced by the calcium and magnesium of the 
water giving a Calcium-Magnesium-Permutit, while the acid 
radicles formerly united to the calcium in the water unite with 
the sodium. 

The exchange takes place according to the following equations: 

P-Na 2 + (CaH 2 (C0 3 )2 - P-Ca+ (2NaHC0 3 
(CaS0 4 (Na*S0 4 

P-Na 2 + (MgH 2 (C0 8 )2 =P-Mg+ (2NaHC0 3 
(MgSCU (Na*S0 4 

There will obviously come a time when all the sodium in the 
Permutit has been replaced by calcium and magnesium from the 
treated water. When this time arrives it is not necessary to 
recharge the filters with new Permutit, but the so-called “ex- 
hausted” Permutit can be readily “regenerated” or “revivified.” 
This is done by the action of a solution of common salt on the 
exhausted Permutit. The laws of chemical exchange again come 
into play, the interchange being in this case in the opposite 
direction, sodium from the salt driving out the calcium from the 
Permutit. 

Sodium Permutit can readily be converted into Ammonium 
Permutit, Tin Permutit, and Manganese Permutit. 

If to Sodium Permutit a solution of ammonium chloride is 
added, Ammonium Permutit is formed, and a solution of sodium 
chloride. 

P-Na^+2NH 4 C1 =P-(NH 4 )2+2NaCl. 

This Permutit could be used in quantity to obtain valuable 
potash salts from waste waters according to the following equa- 
tion; for example: — 
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P-(NH 4 )2+2KC1 =P-K 2 +2NH 4 C1. 

The regeneration of this filter would be according to the equa- 
tion: — 

P - K2+2NH4CI = P- (NH 4 )2+2KC1. 

The characteristic property of Pennutit in exchanging its 
own base against other bases has been made use of for the 
exchange of some metals, viz., manganese, iron, and tin. 

The filtration of Manganese Permutit thus guarantees a water 
absolutely freed from iron and manganese, which cannot be done 
for industrial purposes by any other scientific method. 

The same Manganese Permutit is used for clarifying water 
and for purifying it from germs. 

During the filtration through the oxidised or reduced oxides 
of manganese without zeolites, or in conjunction with zeolites, 
however, the colloidal oxides of manganese are removed in the 
form of flakes with a high speed of filtration, and carry the sus- 
pended matter and germs of the water with them. 

To put the whole purifying process into simple language, the 
germs are precipitated by forming a colloidal solution in the crude 
water by means of the Manganese Permutit, in which the germs 
are enveloped and are killed by regeneration of the Manganese 
Permutit with permanganate of potassium. 

The properties of this product, its application in the process 
of water softening has been shown, and the reaction that takes 
place when water is to be freed from iron or manganese salts has 
been explained. 

The sterilising action of this remarkable compound will prob- 
ably be of equal importance in the course of time. There is 
here a wide field for further investigation, and it is more than 
probable that Pennutit will find some application in quite new 
directions. 





MOLEKULVERBINDUNGEN ALS PRIMArSTUFEN 
CHEMISCHER REAKTIONEN 

C. Engleb 
Karlsruhe } Germany 

la der Erklarung der ersten Vorgange bei chemischen Reak- 
tionen standen sich friiher zwei prinzipiell von. einander verschie- 
dene Ansichten gegeniiber: nach der einen findet, wenn zwei 
Molekule aufeinander einwirken, von vornherein eine doppelte 
Umsetzung statt unter vorausgehender Dissoziation in die re- 
agierenden Spaltstticke, nach der anderen lagem sich die reagier- 
enden Molekule primar zusammen und bilden Molekiilverbin- 
dungen, die sich entweder intramolekular in die Endprodukte 
isomerisieren oder aber unter vorausgehender intramolekularer 
Umlagerung die sekundaren Reaktionsprodukte abspalten. 

Zweifellos findet in sehr zahlreichen eingehend studierten 
Fallen primar eine molekulare Anlagerung statt, und man geht 
wohl kaum fehl, wenn man fur Reaktionen bei gewohnlicher 
Temperatur auch haufig solche Additionsverbindungen als 
Primarprodukte da annimmt, wo sie nicht ohne weiteres in die 
Erscheinung treten. Auf der anderen Seite ist aber doch auch 
zuzugeben, dass, ganz abgesehen von der Ionenspaltung, bei 
vielen Reaktionen eine Dissoziation die Primarreaktion ist, 
bezw. sein muss, wofiir als Beispiel nur die Ozonbildung durch 
elektrische Entladung und bei sehr hoher Temperatur angeftihrt 
sei, welche zweifellos die primare Spaltung eines Sauerstoff- 
molekiils in 2 Atome zur Voraussetzung hat (30 2 aZ20 2 +0+0^ 
20 3 ). Auch fiir viele andere Reaktionen ergibt sich ahnliches 
als Notwendigkeit aus dem Temperaturgleiehgewieht anderen 
vor der eigenstichen Reaktion eintretenden Spaltungen. 

Hier soli nur von der ersteren, den molekularen Anlagerung, 
die Rede sein, und zwar im weitesten Sinn. Liner der ersten in 
seinem Wesen bekannten Yorgange dieser Art ist die Aldol- 
Reaktion nach Wuriz zu Additionsprodukten, welche unter 
Ausscheidung von Wasser zu ungesattigten Verbindungen kon- 
densieren konnen; und auch schon KehuU hat angenommen, dass 
alien Substitutionsreaktionen Additionsreaktionen vorausgehen. 
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Fur die Oxydationsreaktionen habe ich gegentiber van ’tHoff, 
welcher auf Grand von theoretischen Erwagungen und von Ver- 
sucben von Ewan u. A. annahm, dass der Sauerstoff bei Autoxy- 
dationsvorgangen nur in ionisiertem, also atomistisch gespaltenem 
Zustand zur Wirkung komme, die Ansicht vertreten, dass sich 
der Sauerstoff dabei prixnar stets als ganzes Molekul an das zu 
oxydierende Molekul zu einem Moloxyd anlagere, worauf dann 
intramolekulare Umlagerungen oder halftige oder vollstandige 
XJebertragung des angelagerten Sauerstoffs an einen dritten 
Korper, den Acceptor, erfolgen konne. Dabei kann der prixnar 
wirkende Korper, der Inductor, auch selbst zum Acceptor werden. 
In ein neues, epochemachendes Stadium ist die Frage der addi- 
tionellen Molekulverbindungen durch die Untersuchungen Wer- 
ners iiber die Metalliake und analog konstituierte Metallverbin- 
dungen getreten, wobei unter Einfiigung des Begriffs der koor- 
dinierten Systeme und unter Annahme von Neben valenzen 
wichtige Einblicke in den Mechanismus der Vorgange bei der 
Bildung und Umsetzung von additionellen Molekulverbindungen 
genommen wurden. In genialem Ideengang hat es dann weiter- 
hin Werner verstanden, seine theoretischen Ansichten fur die 
Erklarung der optischen Aktivitat und ganz besonders der 
Walden 7 schen Umkehrung zu fruktifizieren (an der Hand neuer 
von ihm konstruierter Modelle demonstriert der Vortragende 
sowohl die Umkehrung des Drehungsvermogens von Antipoden 
ineinander beziehungsweise in Racemate, als auch unter An- 
nahme der Zwischenbildung additioneller Molekiilverbindungen- 
den Mechanismus des Vorganges bei der Walden’ sohen Umkeh- 
rung 1 gemass den Werner’ sohm Vorstellungen). Man erkennt 
dabei leicht, dass je nach dem Ort, an welchem das Molekul sich 

1 Auf zwei senkrecht einander schneidenden Drahtringen schwingen, auf 
die letzteren aufgezogene, ura das im Zentrum gedachte Kohlenstoffatom die 
4 asyrumetrischen Annexe in Gestalt von 4 verschieden gefarbten Kugeln, 
durch deren Verschiebung sich die gegenseitige Lage derselben (Konfigurar 
tion) nach Belieben in die eine oder die entgegengesetzte Spiegelbild — 
(enanthiomorphe) Modifikation verindem lasst. — Ein zweites Modell ver- 
deutlicht die sterische Wirkung des Hinzutretens eines koordinierten Annexes 
nach der W emer } schen Vorstellung bei der WaZden'schen Umkehrung. Die 
Modelle sind durch den Feinmechaniker Otto Behm in Karlsruhe i. B. zu 
beziehen. 
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anlagert ein Rechts- oder ein Links- Antipode resultieren muss. 
Fast gleichzeitig und unabhangig von Werner ist auch Emil 
Fischer zu einer ganz ahnlichen Auffassung und Erklarung der 
Walden 1 schen Umkehrung gelangt, ebenso Pfeiffer , wenn auch 
auch Biilmann 1 nachweist, dass die an dem Modell des Ersterem 2 
entwickelte Erklarung sich nicht vollstandig mit der den tat- 
sachlichen Vorgangen zugebenden Deutung deckt. Fur sehr 
viele Falle additioneller Primarreaktionen und deren Weiter- 
verlauf bildet aber das Fischer’ sche Modell ein aussgezeichnetes 
Demonstrationsmittel. 

Kehren wir jedoch zum Sauerstoff zuriick. Auch dieser lagert 
sich primar als ganzes Molekiil unter Bildung von Moloxyden 
oder Peroxyden an. Seitdem ich auf dem Internationalen Kon- 
gress fur angewandte Chemie zu Berlin im Jahre 1903 iiber diese 
Autoxydationstheorie berichtet habe, sind nicht allein zahlreiche 
Bestatigungen derselben durch eine ganze Reihe von Experi- 
mentaluntersuchungen erfolgt, sondem man hat auch diese 
Vorstellungsweise des Sauerstofftransports auf das physiologische 
Gebiet, auf die Oxydationsvorgange im lebenden Organismus 
iibertragen. Auf diesem Gebiete ist besonders auch Bach } der- 
fast gleichzeitig und unabhangig von mir die Peroxydtheorie 
aufstelite, erfolgreich tatig gewesen. 

Schon viel frtiher hatte Moritz Traube die Ansicht aufgestellt 
und begriindet, dass der Sauerstoff bei den Oxydationsprozessen 
stets als ganzes Molekiil in Reaktion tritt. Er nahm dabei 
jedoch stets die Anwesenheit von Wasser an und die Zwischen- 
bildung von Wasserstoffperoxyd nach dem bekannten Reak- 
tionsschema: 

OHH 

M"b +0 2 = M(0H) 2 +H 2 02 

OHH 

Bekanntlich giebt es noch viele Anhanger dieser Auffassung 
unter denen Armstrong eine fiihrende Stellung einnimmt. Es 
wiirde aber zu weit ab von meinen eigentlichen Thema fuhren, 
wenn heute auch noch diese Frage zur Diskussion gestellt werden 

i Leib. Annal. 888 , 330. 

* Ibid. 881 , 131. 
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wollte. Nur das eine mochte ich bemerken, dass auch nach 
meinen Erfahrungen das Wasser, wenn oft auch nur in Spuren 
vorhanden, bei der Sauerstoffubertragung sehr oft eine aussch- 
laggebende Rolle spielt. So bildet sich nach eingehenden Ver- 
suchen, die ich gemeinschaftlich mit W. Becker anstellte/ ent- 
gegen dem Befunde Boingaults, aber in Uebereinstimmung 
mit theoretischen Ableitungen Le C hoteliers, auch nach den 
Voraussetzungen der Peroxydtheorie, die den Anstoss zu unseren 
Versuchen gab, bei der Einwirkung von Sauerstoffgas auf Barium- 
oxyd bei volligem Ausschluss jeder Spur Feuchtigkeit selbst bei 
der giinstigsten Temperatur von 500-600° keine Spur Barium- 
superoxyd, wahrend es gelang unter Anwendung von Sauer- 
stoffgas, welches im Liter nur 0,001 g Feuchtigkeit enthielt, bei 
derselben Temperatur 100-prozentiges Peroxyd darzustellen, ein 
Vorgang den wir durch die Gleichung interpretierten 

OH ° 

BaO+H 2 0 — >Ba || — >Ba02“bH202 

OH O 

Wegen der hohen Temperatur konnte zwar das Wasserstoff- 
peroxyd nicht direkt nachgewiesen werden, man hat aber seine 
Bildung beivielen analogen Reaktionen, die bei niedereren Tem- 
peraturen verlaufen, quantitativ feststellen konnen. So fand 
Manchot fur die Autoxydation des Indigweise genau die der 
folgenden Reaktionsgleichung entsprechende Menge Wasser- 
stoff peroxyd: 

H O 

Indig. + 1 1 —dmdigo +H 2 0 2 
H O 

Jedenfalls tritt der Sauerstoff in zahlreichen Fallen bei Abwesen- 
heit von Wasser nicht in Wirksamkeit. 

Die Untersuchungen, welche in den letzten Jahren im Karls- 
ruher Chemischen Laboratorium angestellt wurden, hatten 
zur Aufgabe, den Mechanismus zu studieren, nach welchem 
die molekulare Anlagerung des Sauerstoffs bei den Autoxyda- 
tionsvorgangen ohne Mitwirkung von Wasser vor sich geht. 

Nach friiheren Versuchen von uns hatten sich die Fulvene zum 

iSitz. Ber. d. Heidelberger Akad. d. Wiss. 1910 15 . Abhandlg. 
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Studium dieser Frage als ganz besonders geeignet erwiesen. 
Von Dimethylfulven, Methy lathy 1, — Methylphenylfulven wer- 
den stets je 2 Molekiile Sauerstoff unter Bildung von Di-Mol- 
oxyden (Di-Peroxyden) aufgenommen. Neuerdings wurden in 
Gemeinschaft mit Schohl auch die entsprechenden Di-Moloxyde 
des Fulvens selbst als eine sehr leicht zersetzliche, explosive Ver- 
bindung, femer des Monomethyl-, Monathyl-, Diathyl-, Cinna- 
menyl- & des Methyl-Dixnethylvinylfulvens (letzteres aus 
Cyklopentadien und Mesityloxyd) dargestellt. Sie entsprechen 
alle der folgenden allgemeinen Forxnel & gehen durch Abgabe 
von 2 Atomen Sauerstoff in die Monoxyde iiber, denen wahr- 
scheinlich die entsprechende Konstitution zukommt: 


CH CH R 

11 < x-x 


CH CH 


V 


Ex 


Di-Moloxyde (Diperoxyde) 
der Fulvene 


CH- 


CH 

o< 


< 


K 


R 


CH CH Rj 

Di-Monoxyde der Fulvene 


In beiden Fallen polymerisieren die primaren monomolekularen 
Verbindungen rasch in hochpolymere Produkte. 1 

Fur die obige Formel der Di-Peroxyde spricht 1.) bezuglich 
der Addition eines Mol. 0 2 an die Seitenkette der von mir in 
Gemeinschaft mit Dyckerhoff gemachte Befund, dass das Cyklo- 
pentadien, dem diese Seitenkette bei sonst gleichen Formel- 
gerippe fehlt, nur ein Mol 0 2 addiert, wahrend 2.) dem zweiten 
Sauerstoffmolekiil die Stellung durch Eintritt in das konjugierte 
System des Cyklopentadienringes angewiesen ist. 

Gelang es uns vorerst nicht, einen Anhaltspunkt dafur zu 
gewinnen, in welcher besonderen Art und Weise die Bindung der 
Sauerstoffmolekule erfolgt, so konnte durch die im Karlsruher 
Laboratorium von Staudinger und seinen Mitarbeitem ausge- 

i Der Vollstandigheit haiber sei noeh an die Mogliehkeit des ZerfaJls des 
>C— C< 

Vierrings | | in 2 0 und einen ungesattigten Rest gedacht, wobei 

00 

dann allerdings die andere Peroxydgruppe erhaltenbliebe, was aher dem chem. 
Verbalten der “Dimonoxyde” nicht entsprechen wurde. 
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fiihrten schonen Untersuchungen tiber die durch Autoxydation 
gebildeten Peroxyde zahlreicher doppelsubstituierter Ketene 
(Ketoketene) auch einiges Licht auf die Konstitution der Ful- 
venperoxyde geworfen werden. 

Nachdem er nachgewiesen hatte, dass im Allgemeinen das 
Sauerstoffmolekiil sich besonders leicht an die Kohlenstoff- 
doppelbindungen nicht aber an ungesattigte Bindungen wie 
C = 0, C — N, N = 0, N = N addiert, dass aber auch in Bezug auf 
das Additionsyerxnogen durch die mit den ungesattigten Kohlen- 
stofi verbundenen Atome und Atomgruppen grosse Unterschiede 
bedingt sind, gelang ihm noch der wichtige Nachweis, dass sich 
das Sauerstoffmolekiil in manchen Fallen symmetrisch, in 
manchen Fallen unsymmetrisch an das doppeltgebundene 
Kohlenstoffpaar anlagert: 


Symm. Moloxyd Benzophenon 

OC— C(C 6 Ho) 2 >C0 2 +C0(C 6 H 5 )2 

i— A 

Diphenylketen / 

00 = 0 ( 0611 ) 2+02 

OG C(C 6 H6)2 >00 0(0611)2 

0 V 


0 

Asymm. Moloxyd Monoxyd 


Aus der bekannten Tatsache leichter Spaltung der Yierringe 
ergiebt sich mit dem Nachweis der Bildung von Kohlensaure 
und Benzophenon des Diphenylketen-Peroxyds in der Warme, 
dass das Sauerstoffmolekiil symmetrisch angegliedert ist, wah- 
rend andererseits die Bildung des Monoxyds schon bei niederer 
Temperatur durch bloses Ausspringen eines Sauerstoffatoms 
aus dem Yierring sich nicht annehmen, dagegen aber ungezwun- 
gen dadurch erklaren lasst, dass man von einem als bestandig 
bekannten Dreiring, also von dem eben formulierten asymmet- 
rischen Moloxyd ausgeht, dessen eines Sauerstoffatom leicht 
abspaltbar sein muss. 
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Versuche, welche Schohl auf meine Veranlassung ausfuhrte, 
ergaben, dass alle Diperoxyde der Fulvene mit der Zeit von selbst, 
rascher bei vorsichtigem Erwarmen die Halfte des aufgenom- 
menen Sauerstoffs abgeben und dabei Produkte hinterlassen, 
die war nach ihren Eigenschaften als Polymerisationsprodukte 
aufgefasst werden miissen, denen aber durchweg die Elementar- 
formel von Di-Monoxyden zukommt. Daraus muss gescblossen 
werden, dass der Sauerstoff in den Di-Peroxyden der Fulvene 
in asymmetrischer Form angelagert ist, oder dies doch bei der 
Bildung der Monoxyde war. 

Nicht obne Interesse ist es, dass der beim Erwarmen der Di- 
Peroxyde freiwerdende Sauerstoff, wie Dyckerhojf in meinem 
Laboratorium gefunden hat, Ozon-haltig ist; denn dieser Befund 
steht in TJebereinstimmung mit unserer Erklarung 1 der Bildung 
des Ozons aus Luftsauerstoff durch Beriihrung mit Phosphor, 
wobei die Bildung ernes Peroxyds als Zwischen-reaktion eben- 
falls angenommen wird, dessen sich abspaltende Sauerstoffatome 
sich mit molekularem Sauerstoff der Luft zu Ozon vereinigen. 
Man kann somit das Ozon auch als das Moloxyd eines Sauer- 
stoff atoms bezeichnen. 

Wenn bei derartigen Reaktionen des Zerfalls von symmet- 
rischen Peroxyden unter Abgabe von Sauerstoffatomen scheinbar 
ein Widersprueh gegen Yorhergesagtes besteht, so muss dem- 
gegeniiber doeh auch daran gedacht werden, dass beim Zerfall 
einer bestandigeren Verbindung manchmal als Zwischenbildung 
auch die unbestandigerere Form vor der Zersetzung angenommen 
werden muss, was der Grund sein mag, dass es bis jetzt nicht 
gelang bei der Zersetzung der Fulven-Peroxyde Keton-Abspal- 
tung wie bei den symmetrischen Keten-Peroxyden wahrzuneh- 
men. Die mit der Vierringspaltung konkurrierende Umwand- 
lxmg in die labile Form, verlauft eben in diesem Falle rascher. 
Dafur, dass das Sauerstoffmolektll bei der Peroxydbildung sich 
primar in der labileren asymmetrischen Form anlagert, in der 
es sehr leicht 1 Atom Sauerstoff abgibt, also auch stark 
oxydierend wirkt, spricht auch der Befund, dass eine Losung von 

lEngler und Weipberg, “Krit. Studien liber die Vorg&ngeder Autoxydataon” 
S. 61. 
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Dimethylfulven wahrend man Sauerstoffgas hindurchleitet auf 
eine Indigolosung viel rascher bleichend wirkt, als wenn man 
fertiges reines Peroxyd mit der Indigolosung schiittelt. Fur die 
primar labilere Bindung des Sauerstoffmolektils bei Ubertragung 
des Sauerstoffs an andere Stoffe gegenuber der Uebertragung 
durch die stabilere symmetrische Form sprieht weiter der Versuch, 
welchen ich in Gemeinschaft mit Steinkopf in letzter Zeit 
ausgeftihrt habe. 

Schiittelt man einerseits in Benzol gelostes Baeyersches Ben- 
zoylhydroperoxyd in Kohlensaure atmosphare mit Indigol5sung, 
andererseits die entsprechende Menge Benzaldehyd, zu gleicher 
Verdiinnung in Benzol gelost wie das Benzoylhydroperoxyd in 
Sauerstoffatmosphare mit Indigolosung, so tritt in letzteren Falle 
stets rascher Entfarbung ein, als im ersteren. Die Zeiten bis 
zur Entfarbung verhielten sich wie 6:5, bei teilweiser Sonnen- 
belichtung wie 8:5. 

Durch diese Versuche erklart die sich schon lange bekannte 
Tatsache, dass diemeisten Sauerstoffiibertrager, auchdie“kataly- 
tisch” wirkende, den Sauerstoff energischer tibertragen, wenn sie 
in Anwesenheit der zu oxydierenden Substanz mit Luft geschiit- 
telt werden. Man darf annehmen, dass sich dabei primar stets 
zuerst das unbestandige asymmetrische Peroxyd bildet und das 
dies den Sauerstoff unter diesen Umstanden an den Acceptor 
weitergeben kann, ehe seine Umwandlung in die bestandige sym- 
metrische Form erfolgen oder diselbe sich noch weitergehend 
umlagem kann. So wird Indigolosung mit Benzaldehyd, Ter- 
pentinol, Phosphor oder Fulvenen, mit Luft oder reinem Sauer- 
stoffgas geschuttelt, rascher entfarbt, als wenn man die vorher 
mit Sauerstoffgas geschtittelten Uebertrager (Benzaldehyd etc.) 
gleich oder nach einigem Stehen mit dem Acceptor (Indigolosung 
etc.) in Beruhrung bringt, wobei sehr oft, wie bei den meisten 
Katalysatoren iiberhaupt keine Wirkung mehr eintritt. 

Als ein weiterer Beweis flir die Richtigkeit dieser Auffassung 
ist es von Wichtigkeit, dass Staudinger in Gemeinschaft mit 
Dyckerhoff nachgewiesen hat, 1 dass die liber das asymmetrische 
Peroxyd erfolgende Bildung des Diphenylketen-Monoxydes 

1 Dissertation Dyckerhoff, Karlsruhe S. 26. 
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hauptsachlich nur bei ganz niederer Temperatur (-80°) vor sich 
geht, wahrend schon bei gewohnlicher Temperatur und dariiber 
die aus dem symmetrischen bestandigeren Peroxyd abgespalteneu 
Produkte, Kohlensaure und Benzophenon, gebildet werden. Das 
sehr unbestandige asymmetrische Peroxyd ist eben nur bei ganz 
rdederer Temperatur existenzfahig (und bildet dabei Monoxyd); 
schon bei gewohnlicher Temperatur geht es in das bestandigere 
symmetrische Peroxyd liber und giebt dann die Spaltungspro- 
dukte Kohlensaure und Benzophenon. 

Will man nicht das Wasserstoff peroxyd als das asymmetrische 
Moloxyd des Wasserstoff s, also als H 2 = 0 = 0, und das Ozon 
als das asymmetrische Moloxyd eines Sauerstoff atoms: 0 = 0 = 0 
ansehen, fur welche beiden Atomanordnungen aber die leichte 
Abspaltbarkeit je eines Atoms Sauerstoff aus Wasserstoffperoxyd 
und Ozon gegeniiber den bisher meist iiblichen Formulierungen 
spricht, so sind Peroxyde mit asymmetrischer Anlagerung des 
Sauerstoffmolekiils bis jetzt noch nicht isoliert worden, denn 
auch die in verdiinnten Zustand einer Benzol-, oder Xylol- 
Losung allem Anschein nach noch existenzfahigen asymmetrischen 
Peroxyde der Pulvene gehen beim Ausfallen aus diesen Losungen 
mittelst Aether in die symmetrische Form liber, indem sie gleich- 
zeitig polymerisieren. Sie sind dann in Benzol bezw. Xylol 
(vorher loslich) nicht wieder loslich. Die ftir die Annahme einer 
Primarbildung asymmetrischer Moloxyde beigebrachten indirek- 
ten Beweise sind aber so wohlbegriindet imd experimentell so 
gut gestiitzt, dass iiber ihre Bildung als Primarstufe der Autoxy- 
dation kaum mehr ein Zweifel bestehen kann. 

Nimmt man dazu, dass es auch noch Peroxyde und Oxyde giebt, 
wie z. B. Manganperoxyd, Bleiperoxyd, auch Kohlendioxyd, 
Silicium dioxyd Zinndioxyd u. s. w., in denen die beiden Sauer- 
stoff atome vollig voneinander getrennt und je mit ihren beiden 
Valenzen gebunden sind, so hatte man ihrer Konstitution nach 
drei Arten von Sauerstoffbindungen zu unterscheiden, die gemass 
der OstwaW schen Stufenregel vom kleinsten Energieverlust bei 
Bildung verschieden moglicher Formen als primare (I), sekundare 
(II) u. tertiare (III) Oxydationsphase aufzufassen waren und 
von I ab ansteigend unter Energieverlust unter entsprechender 
Zunahme ihrer Stabilitat ineinander iibergehen, also z. B. 
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I (asymm.) II (symm.) 

III 

/O 


M (H 2 ) = 0 = 0 M< 1 

x O 

<o 

Moloxyde oder Peroxyde 

Dioxyde 


In den Moloxyden oder Peroxyden sind die beiden Sauerstoffa- 
tome noch direkt miteinander verbunden; in den Dioxyden nicht. 

Geht man, was in neurer Zeit so oft geschieht, auf Schonbein 
zurtick, so erkennt man in der Form II (u. I) seine Antozonide 
wieder, wozu er ausser dem Wasserstoffperoxyd das Barium- 
peroxyd, Strontiumperoxyd, Natrium-, Kelium-Peroxyd erst 
zahlte, in der Form III aber seine Ozonide wie die Peroxyde des 
Bleis, Mangans-Nickels, Kobalts u. a. m. 

Dass sich diese beiden Gruppen in Bezug auf ihre oxydierende 
Wirkung und Sauerstoffabgabe, auch im Uebrigen reaktiv (z. B. 
durch die Wasserstoffperoxydbildung der Antozonide) general 
von einander unterscheiden, hat ebenf allss chon Schonbein hervor- 
gehoben. 




REPORT OF THE VEREIN DEUTSCHER CHEMIKER 
WITH REGARD TO THE INTERNATIONAL REGU- 
LATION OF STANDARDS IN THE LITERA- 
TURE OF MINERAL ACIDS TO THE 
EIGHTH INTERNATIONAL CONGRESS 
OF APPLIED CHEMISTRY IN 
NEW YORK 

Dr. Neumann, 

Wiesbaden 

For some long time past the fact has made itself strongly, — 
not to say disagreeably, — felt amongst those interested in Miner- 
al Acids, that writers of articles on this subject state their data 
in every conceivable way! 

In writing of the manufacture of Sulphuric Acid some authors 
express the producing capacity or the output of a system in 
weight — units of chamber acids of 50 to 55°B6; others express 
them in acids of 60 or of 66°B6; yet a third part reckon by Mono- 
hydrate and finally, — particularly for the contact-systems, — 
data are found to be calculated on Anhydride. 

If we add to the foregoing the data as to chamber-acid in 
degrees Twaddle instead of in degrees Beaum6, it will be per- 
fectly clear, Gentlemen, that the want of unity is truly great! 
One can easily imagine that papers, lectures and discourses 
etc. of articles on this subject must frequently lose all enjoyment, 
auditors and readers being unable to reckon quickly and with 
ease the given deductions in the accustomed form. The great 
want therefore is for simple comprehensible international Stand- 
ards, — and to determine these this International Congress is 
the most suitable occasion. 

Although unity of weight would be most desirable in denomi- 
nating all such data, — such as the Kilogramm, which speaks for 
itself, is accepted by all civilized nations with exception of 
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the English and American, — we still would not venture to suggest 
the adoption of the Kilogramm for fear of hurting the national 
feelings of these two nations. On the same grounds we also 
refrained from proposing the use of the Metrical System as to 
standard measurement for chambers, towers etc. and the decimal 
(100 part) Thermometer to record the temperature. 

If therefore, in consequence of this fear of wounding our 
cousins’ patriotic feelings we cannot expect to be in the happy 
position of making an in every regard uniform International 
Agreement for the literature of Mineral Acids, we must content 
ourselves for the present with what can be accomplished without 
great difficulty. The first attainable step on the ladder of the 
International Agreement would be the determination of a stand- 
ard for naming the strengths of acids. 

For the Sulphuric Acid it seems advisable to give up all the 
old confusing records such as Acids of 52, 60, 66°B6 resp. 112, 
142° etc. Twaddle and to appoint a regular standard, so that 
for the future the production, the output of a chamber-system, 
of a Glover, of a Contact-System would be expressible in Kos. 
(lbs.) Monohydrate of 100% or in Kos. (lbs.) Anhydride. 

To which of these two, — whether Monohydrate or Anhy- 
dride, — the preference should be given, is not easy to decide. 
The manufacturers of Sulphuric Acid manufacturing by the 
Chamber System, — who are by far the most numerous, — will 
certainly be of the opinion that they would have conceded 
enough in having declared for the Monohydrate, which they 
have never even had the opportunity of seeing in their Works, 
much less of weighing or measuring it. 

The other party, the Contact people, will be conceivably 
more radical, and one must acknowledge more logical, for they 
will hold that the standard Anhydride is and can be the only 
correct solution of this question. Their reason will be, that 
the calculation of an Oleum by Kos. (lbs.) Monohydrate would 
be an unnatural and unscientific step backwards, whilst for 
the Chamber Acid people it will be of no consequence, whether 
be chosen Monohydrate or Anhydride, both being not manu- 
factured in the chamber. The necessity of a uniform regulation 
with regard to this question is urgent both for the chamber 
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as well as for the contact system, if one takes into consideration 
the recent efforts of chamber people to successfully compete 
with the Contact Systems by concentrating the chamber acid 
to Monohydrate. 

I must confess that we Germans did not perfectly agree on 
the practical profits of either S0 3 or H 2 S0 4 , and we should like 
to leave it to the Congress to decide, which of these two would 
make the most suitable standard. To whichever of the two 
the preference be given, the choice will prove agreeable to us, 
for it will, — once and for all, — make an end to the really wretched 
confusion on this field. 

In the case of this first part of our motion being accepted, 
it must logically follow that in the future must be expressed 
the consumption of a Chamber System of Nitric Acid of 100%, 
— (instead of those of 36 or 40°Bd resp. of 66,5 or 76°Tw.), — 
referred to 100 Kos. (lbs.) of made Sulphuric Monohydrate 
or Anhydride in place of 100 Kos. (lbs.) Sulphuric Acid of 
52, 60°B6 resp. of 113, 142°Tw. or even of 100 Kos. (lbs.) of 
burnt Brimstone, pyrites or Laming’ s gas purifying mass. You 
will observe, Gentlemen, that also in this regard the confusion 
is considerable owing to the many existing and really used 
variations. 

Further, with reference to the manufacture of Nitric Acid 
it must be intelligible that for the future 'all data would be ex- 
pressed by the Nitric Acid Monohydrate and not as formerly 
by Nitric Acids of 36, 40, 44, 47°B6 resp. of 66,5, 76, 88°Tw. 
and by such of 97, 98, 99%. 

Regarding the manufacture of Muriatic Acid it seems to be 
logical to continue in an analogous way and to say for instance 
x Kos. (lbs.) HC1 of 100% in the form of a Muriatic Acid of 
16, 20, 22, 23°B<§ or 25, 32, 36, 38°Tw. 

However I have not been commissioned by the Verein Deut- 
scher Chemiker to make this last proposal, for they have not 
yet decided to take up a standpoint on this question in consider- 
ation of the existing difficulty of accustoming the Muriatic 
Acid specialists and manufacturers to a rapid comprehension 
of the unaccustomed notion of Chlorhydric Acid Monohydrate. 

In order to avoid any possible misunderstanding I should 
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just like to impress on you the fact, that we do not intend with 
our proposals the slightest encroachment on the inner manage- 
ment of the factories. What we in reality desire is only the 
most uniform possible standard in regulation of the relative 
records in the literature and statistics of the Mineral Acid 
Industry. 

It goes without saying that even a decision of this International 
Congress would not oblige anyone to use the proposed standards. 
However we think that the influence of the editors of periodicals 
on applied chemistry would suffice to induce narrow-minded 
authors to submit to the new resolutions in order to make their 
compositions better understood. We therefore suggest, that 
the eventually accepted resolutions should be brought to the 
notice of the said editors at the earliest possible moment by the 
Literary Committee of this Congress. 

In conclusion may I be allowed to state concisely our proposals. 

I. In the literature, statistics etc. of the Sulphuric Acid 
for the recording of the producing strengths, capacities, etc. 
the named quantities of Sulphuric Acid are to be expressed 
by either kos. (lbs.) Monohydrate or by Kos. (lbs.) Anhydride. 

In the chamber system the consumption of Nitric Acid is to 
be expressed by percents of its Monohydrate with reference 
to 100 Kos. (lbs.) of made Sulphuric Acid Monohydrate resp. 
Anhydride. 

II. In the same way in the manufacture of Nitric Acid its 
quantity to be named is to be expressed by Kos. (lbs.) of its 
Monohydrate. 

III. In analogous way in the manufacture of Muriatic Acid 
its quantity to be named might be expressed by Kos. (lbs.) HC1 
in the form of any contained acid of say 20°B6 (32°Tw.). 




ON THE METHOD OF PRODUCING BICALCIC PHOS- 
PHATE WITH THE HELP OF ELECTROLYTI- 
CALLY PRODUCED ACID AND ALKALI 

Prof. W. Palmaer 

In order to meet the ever growing demand of agriculture for 
phosphate fertilizers, the following, as we know, are the chief 
preparations at present produced: 
acid phosphate 
basic slag 
bone meal 
bicalcic phosphate 

which are here given in the order corresponding to the amount 
produced, acid phosphate being the phosphate fertilizer most 
largely produced, the annual output amounting to circa 10,000,- 
000 tons. 

Bicalcic phosphate has been produced hitherto only in small 
quantities, the production in Germany and France, for instance, 
during 1900, amounting to about 5,000 tons for each country. 
Hitherto this product has only been obtained as a by-product 
in the manufacture of glue, i.e. in the process when bone is soaked 
in diluted hydrochloric acid, whereby the main product in the 
manufacture, the glue substance, remains undissolved, while a 
solution of bone phosphate is obtained as a by-product. This is 
turned to account by precipitation with lime, by which means 
bicalcic phosphate is obtained. 

On the other hand it is a long while ago since it was first pro- 
posed to obtain bicalcic phosphate as the chief product from 
every kind of raw phosphate in the same way, viz. by extracting 
the raw phosphate with hydrochloric acid and precipitating the 
solution thus obtained with lime. This method would have the 
advantage that one could make use of very poor and otherwise 
valueless raw phosphate, provided it does not contain too large 
a proportion of any useless, soluble compound, such as carbonate 
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of lime. In the production of acid phosphate, on the other hand, 
one can not utilize raw phosphate with a lower percentage than 
circa 50% bone phosphate, since owing to the admixture of 
gypsum the percentage in the acid phosphate of available phos- 
phoric acid is only about half that of the raw phosphate’s per- 
centage of phosphoric acid, and consequently consideration of 
freight charges for the prepared article excludes the use of a raw 
material in which the percentage is low. 

However, it has hitherto shown itself that the price of hydro- 
chloric acid has been too high for the adoption of this method. 
This in its turn is due to the fact that the production of hydro- 
chloric acid according to the old methods entailed the sacrifice 
of sulphuric acid. 

But the case is different if the acid is produced in such a way 
that a suitable salt, for instance perchlorate of sodium, is eletro- 
lyzed with a diaphragm, so that free acid is generated in the 
anode chamber, and a solution of caustic alkali in the cathode 
chamber. With an electrolyzing tension of 4| volts and 80% 
current efficiency it is easy to calculate that in order to produce 
the kilogram equivalent of acid 182 horse-power hours are re- 
quired, whereby the alkali necessary for the precipitation of the 
bicaicic phosphate is obtained at the same time without additional 
cost in the cathode chamber. If we assume that 1 electric horse- 
power can be obtained for $10 a year — the usual price in many 
parts of Europe and presumably in many places in America — 
then the cost of the equivalent of 1 kilogram of acid amounts to 
circa 24 cents, the alkali being obtained at the same time; while 
with the old method lime had to be purchased. There is no 
outlay for material beyond what is caused by spilling &c., as the 
electrolyte regenerates, as will be seen from what follows. 

If we assume that the price of 1 ton of chamber acid with 65% 
H 2 S0 4 is $5, we shall find that the cost of the equivalent of a 
Kilogram of H 2 S0 4 (49 Kg.) is circa 38 cents. 

This calculation consequently shows that provided the remain- 
ing outlay for the electrolytic process can be kept within reason- 
able limits, it should be assured of success, especially as it allows 
of the utilization of otherwise valueless raw phosphate or refuse. 

This calculation was the basis of my investigations, the object 
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of which was consequently to try and make the method econom- 
ically feasible, chiefly by finding a suitable electrolyte, and by 
constructing a serviceable electrolyzer. 

As in the process there is no consumption of chemicals, beyond 
loss by spilling, &c., the cost of the sulphuric acid used in pro- 
ducing acid phosphate is replaced by the cost of the electric 
power. The economic result of the method depends therefore 
in the first place on the price of the power. 

Before proceeding to enter upon detailed descriptions, it will 
be advisable to give a general survey of the method. 


I. General Features of the Method 

In an apparatus expressly adopted for the method, a solution 
of chlorate or perchlorate of sodium is electrolyzed. In the anode 
chamber an acid is thereby generated — chloric or perchloric acid — 
and in the cathode chamber a solution of caustic soda. The 
electrolysis is continued until a certain quantity of the dissolved 
salt has been separated into acid and alkali. The anode and the 
cathode solutions are led off into separate receivers. The acid 
anode solution is then allowed to work in a dissolving battery 
upon raw phosphate, in which process the phosphate is dissolved. 
Into the solution thus obtained the alkaline cathode solution is 
introduced, the whole being meanwhile kept vigorously stirred, 
until the liquid bears evidence of a slightly acid reaction; to 
obtain that result about half the cathode solution is required. 
In the process bicalcic phosphate is precipitated as a finely crystal- 
line precipitation, which is drained off by filtration and washed. 
The filtrate, which contains | of the lime originally dissolved, 
but hardly any phosphoric acid, now has added to ifc the remainder 
of the cathode solution, which has previously been saturated with 
carbonic acid from fuel-gas. The lime is precipitated as carbo- 
nate, which is allowed to settle. The solution remaini n g above 
it is then drawn off. The original electrolyte is regenerated by 
its means and again enters the electrolyzing apparatus. 
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II. The Nature of the Electrolyte 

With reference to the electrolyte, the salt used should be of 
such a nature that its acid may yield, in conjunction with lime, 
an easily soluble salt, and of a kind which is not subject to change 
during electrolysis. 

As electrolytes, solutions of perchlorate of sodium or chlorate 
of sodium are suitable, or else mixtures of those salts, the presence 
in small quantities of other salts, for instance chlorides, being of 
no account. Both these salts can now, since they have been 
produced by electrolysis, be had at reasonable prices. 

Perchlorate of sodium is an ideal electrolyte for the purpose 
in question. On electrolyzing its solution with a diaphragm, 
sodium hydrate is formed in the cathode chamber and perchlo- 
ric acid in the anode chamber, while hydrogen is developed at 
the cathode and ozonic oxygen at the anode. No noticeable 
reduction of the salt occurs at the cathode, nor any other change, 
and the solution of perchloric acid obtained is perfectly constant at 
such temperatures as can be taken into consideration in the electro- 
lyzing (maximum 50°C.). Furthermore, the salt is exceedingly 
easily soluble (deliquescent) and thus easy to wash away. 

Chlorate of sodium is less constant, in that the chloric acid 
solution formed in the anode chamber already begins to decom- 
pose at 40°C., free chlorine being developed. Moreover, it is 
considerably reduced at the cathode to chloride. But the prin- 
cipal change is that the development of oxygen at the anode al- 
most ceases, because the chlorate there is oxidized to perchlorate. 
For this reason a start can very well be made with chlorate of 
sodium, since though the drawbacks mentioned (the decomposing 
of the chloric acid and the reduction of chlorate) appear at first, 
they soon disappear, viz., when the chlorate has become per- 
chlorate of sodium. Even if you begin with chlorate of sodium, 
the electrolyte consists after a while of pure perchlorate, which, 
as has been said, suffers no further change. 

The loss of perchlorate of sodium by spilling and incomplete 
washing need not, according to our experience, be estimated 
higher then at about 1% of the weight of the bicalcic phosphate 
developed. 
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Another way of carrying out the process is this : — A solution of 
chloride of sodium is electrolyzed so that a solution of caustic 
soda and free chlorine is obtained. The chlorine is transformed 
in the usual way into hydrochloric acid wherewith the raw phos- 
phate is dissolved, whereupon a precipitate is formed with this 
caustic soda. The salt is then regenerated as before. Although 
common salt is cheaper than perchlorate of sodium or chlorate of 
sodium, the process by several reasons (depreciation of anodes, 
losses of chlorine, etc.,) is not so advantageous. 

However, both the processes here described are protected by 
patent rights. 

III. The Electrolysis 

The electrolysis of the perchlorate of sodium solution must 
be carried out, as has been mentioned, in a diaphragm apparatus, 
and it is clear that the problem is to find a suitable anode and a 
suitable diaphragm. Both difficulties have been solved in a 
perfectly satisfactory manner, but for the present I can not 
enter into details. 

The voltage has been found to amount on the average to 4.5 
volts per cell, including loss in connections. Of course it varies 
somewhat, according as the diaphragms are newly inserted or not, 
the electric contacts recently overlooked or not, and with the 
temperature of the solutions, which may vary at different times 
of the year; but, as stated, the average voltage is 4.5. The 
polarisation amounts to 2.97 volts. 

In a diaphragm process, where the new substances formed at 
the cathode and the anode remain in the solution (in this case 
alkali, or perchloric acid), the current efficiency continually 
diminishes, of course, in proportion as the newly formed sub- 
stances begin to take part in the current circuit. We generally 
produce solutions with 1 gram equivalent of acid or alkali per 
liter, and have then a current efficiency of 82% and a ballast of 
undercomposed salt in both acid and alkali solutions. 
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IV. The Raw Material and its Utilization 

Of course the high-percentage raw phosphates used to make 
acid phosphate can be employed for the process, but it is not for 
such, but rather for low-percentage raw phosphates, at present 
worthless or of inferior value, that the process is primarily de- 
signed. Here I need only mention in illustration low-percentage 
apatites and apatite waste, waste from magnetic separation of 
phosphoric iron-ore, and certain low-percentage phosphorites. 

As the process consists in dissolving the bone phosphate occur- 
ring in raw phosphate, and then precipitating bicalcic phosphate 
from the solution, the product obtained will always be of the 
same nature, irrespective of the percentage of the raw phosphate. 
We have employed raw products whose percentage of bone 
phosphate varied between 20% and 88%. 

Furthermore the raw phosphate need not be finely pulverised, 
provided that the bone phosphate is not embedded in insoluble 
minerals and that other soluble substances, such as certain 
silicates, do not occur in too great a quantity; — we have worked 
with material of as coarse crushing as 5 cm. 

Assuming that the solution of bone phosphate is effected 
according to the formula Ca 3 P 2 O8+6HC104=3Ca(Cl04) 2 + 
2B^P04then per liter of 1-normal acid 23.7 grams of phosphoric 
acid should be dissolved. It can be foreseen, however, that 
the reaction, in contrast, for instance, to the reaction CaC0 3 + 
2HC104 = Ca(C10 4 )2+H 2 0+C02 will not proceed quantitatively, 
since phosphoric acid is a much stronger acid than carbon anhy- 
dride. We have also found that we must reckon with a some- 
what lower figure, say 20 gr. P 2 0 5 or 43.6 gr. Ca 3 P 2 0 8 per liter 
of 1-normal acid. This figure holds good provided that no 
other bodies soluble in acids occur in the raw phosphate. 

Of such, in the first place, we must take into consideration 
calcium carbonate, for, as we know, it readily and completely 
dissolves in acids. As the equivalent weight for phosphoric acid 
(P2O5) is 23.7, and for carbon anhydride (C0 2 ) 22, we can con- 
sequently state that 1% of C0 2 in the raw phosphate causes 
approximately the same consumption of acid (or of energy) as 
1% of P2O5, without giving any product of any value to speak of 
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(the amount of carbonate of lime obtained as a by-product will 
of course be correspondingly greater). A raw phosphate which 
contains 20% of P 2 O 5 (as Ca 3 P208) and 2% of C0 2 (as CaC0 3 ) 
consequently requires about 10% more energy than a raw phos- 
phate with the same proportion of phosphoric acid, but free from 
carbonate of lime. 

Iron oxides (iron-ores), on the other hand, are only dissolved 
very slightly. We found that after 24 hours’ shaking at the 
usual temperature with 1-normal acid, there was dissolved 
of magnetite a quantity corresponding to 0.24 grs. Fe20 3 per liter 
“ hematite “ “ “ “ 0.20 “ “ “ 14 

which amounts are of no practical importance. 

Most silicates are, as we know, insoluble in diluted acids. How- 
ever, silicates may occur, e.g. together with apatite, which are 
easily soluble that they dissolve to a noticeable degree if the 
acid is in contact with them for any length of time after most of 
the phosphate is dissolved. Attention must be paid to this in 
the course of the lixiviation, and the work regulated accordingly. 

As regards the utilization of the bone phosphate in the raw 
material, we can as a rule count upon extracting 98% of it, some- 
times more, sometimes a little less, viz., when easily soluble 
silicate is present. 

Y. Precipitation of the Bicalcic Phosphate and Calcium 

Carbonate 

To precipitate the bicalcic phosphate we made use, as before 
stated, of the solution of caustic soda obtained by electrolysis, 
which is introduced into the phosphate solution by means of a 
sprayer. 

The employment of the soda solution as a precipitator, instead 
of lime-white, has a considerable advantage. For the fact is 
that as soon as the solution has become alkaline at any point, 
bone phosphate is precipitated there instead of bicalcic phosphate. 
This once precipitated bone phosphate is only slowly converted 
into bicalcic phosphate, even if the average acidity of the liquid 
is such that only bicalcic phosphate ought to occur. At least 
a portion of the bone phosphate thus formed rema ins therefore 
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in the precipitated bicalcic phosphate. The bone phosphate 
thus precipitated is very finely distributed, it is true, and is even 
soluble after drying in 2% citric acid; but it has no manuring 
value worth speaking of. The phosphoric acid precipitated as 
bone phosphate, must therefore be looked upon as lost. 

Now it is clear that it would be much easier to avoid the forma- 
tion of bone phosphate if a sodium hydrate solution, distributed 
in jets, were employed as the precipitator, than if lime-white were 
used, since in the latter case we get particles of solid calcic hy- 
drate, round which the solution easily becomes alkaline. 

Experience also proves that in employing sodium hydrate, 
which is added until the phosphate solution is still very slightly 
acid or only just neutral, bicalcic phosphate can be precipitated 
so completely that only 0.1 to 0.2% of all the phosphoric acid 
remains unprecipitated, while 98% of the phosphoric acid in the 
bicalcic phosphate is soluble in citrate, and thus only 2% of the 
phosphoric acid is present as bone phosphate. 

The precipitated bicalcic phosphate, which is microcrystalline, 
is filtered off, washed and dried. It thus forms a light, pure 
white powder, and its proportion of citrate-soluble phosphoric 
acid amounts to from 35-38%, according to the completeness 
of the drying. 

If we call to mind that about 2 % of the phosphoric acid in 
the raw phosphate is left behind in the extraction, that no quan- 
tity to speak of remains unprecipitated, and that about 2 % is 
recovered as precipitated bone phosphate, we shall find that 
about 96 % of all the phosphoric acid in the raw phosphate is 
extracted in the process as valuable citrate-soluble phosphoric 
acid. 

The bicalcic phosphate obtained shows, even if it contains 
iron and aluminum phosphate, no retrogradation of soluble phos- 
phoric acid, which is simply due to the fact that it can be per- 
fectly dried, after which no conversion can take place. On the 
other hand, as we know, retrogradation shows itself in damp 
acid phosphate. The following analyses may be quoted to 
show that retrogradation does not occur: 
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fresh 

after 3 months 
“ 6 “ 


Total P2O5 % 


35.45 

36.02 

36.54 


Citrate-soluble 
P 2 0 5 % 

34.58 

35.13 

35.72 


Citrate-soluble 
PsOs in % of 
total P2O5 
97.54 
97.53 
97.75 


From the filtrate of the bicalcic phosphate is precipitated, as 
we have already mentioned, the lime that remains in the solution, 
together with the rest of the sodium hydrate solution, after the 
latter has been saturated with carbon anhydrid from fuel gases, 
as carbonate of lime, which can be used as a fertilizer or in chem- 
ical workshops. 

Its mass corresponds to about i of the weight of the bicalcic 
phosphate obtained, if the raw product used be free of carbonate. 
If calcium carbonate occurs in the raw product, the mass obtained 
in the process will be proportionately increased. 


VI. Power Expenditure 

From the statements given above, it is easy to calculate what 
electric horse-power (direct current) produces per year of 350 
X 24 = 8400 hours; it will work out at 2.24 tons of bicalcic 
phosphate with 35% of citrate-soluble phosphoric acid, if free of 
carbonate. If a 38% article is produced, A - a gg - 3J? =2.06 metric 
tons per horse-power year will be obtained, etc. The production 
with carbonaceous raw product has been stated above. 

VII. Value of Bicalcic Phosphate Fertilizer 

Careful experiments extending over many years have been 
made, partly by Professor H. G. Soderbaum, Agricultural Chemist 
at the Central Institution for Experimental Agriculture, Stock- 
holm, partly by Dr. Hj. von Feilitzen, Director of the Swedish 
Peat Society, Jonkoping, Sweden. Professor SSderbaum’s 
earlier investigations are reported in “The experiment Station 
Record,” edited by the U. S. Department of Agriculture, Wash- 
ington, Vol. XIV., No. 10, pp. 951-2 (1903), and he has also 
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summed up the result of his investigations under the title of 
“ Vegetationsversuche mit gefalltem Calcium-phosphat” in 
the “Zeitschrift fur das landwirtschaftliche Versuchswesen in 
Osterreich,” 1908, pp. 506-510. Dr. von Feilitzen has commun- 
icated the chief results of his investigations in the “ Journal fur 
Landwirtschaft,” 1910, pp. 33-43. 

As Dr. von Feilitzen is going to give an account of his further 
investigations at the Congress, I will here only briefly mention 
the chief result of his and Professor Soderbaum’s culture trials. 

The result of the experiments in cultivation is, that the citrate- 
soluble phosphoric acid in the bicalcic phosphate proves to 
possess the same fertilizing value as the water-soluble phosphoric 
acid in the super-phosphate, and consequently the same value 
as a trade product. That result might, indeed, have been fore- 
seen, inasmuch as it is probable that the superphosphate in the 
soil is rapidly transformed into bicalcic phosphate through the 
agency of the compounds of lime present there. This result is 
supported by the trials carried out by practical agriculturalists, 
who are well satisfied with both the result of the phosphate and 
its qualities in general. Owing to its high percentage the freight- 
charges are low for the valuable ingredient, and a very small 
amount need be manipulated by the farmer. It is in all other 
respects easy to handle and does not damage the sacks in the 
least. 


VIII. The Superior Advantages of the Electrolytic 

Method 

The merits of the electrolytic method are as follows: — 

(a) It admits of the use of cheap low-percentage raw phosphate, 
not available for the superphosphate industry. 

(b) By it, a phosphate containing 35 — 38% of soluble phos- 
phoric acid is obtained, even from low-percentage raw material. 

(c) Freightage for a given quantity of phosphoric acid in the 
finished article is only about half that in the case of ordinary 
superphosphate. 

(d) Retrogradation of soluble phosphoric acid when stored 
does not occur. 
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(e) The raw phosphate need not be reduced to a finely pow- 
dered state. 

(f) Bicalcic phosphate can be employed as a fertilizer on all 
kinds of soil, even on sandy and boggy land. 

(g) Bicalcic phosphate will be of excellent use in the manu- 
facture of “complete fertilizers.” 

(h) Sacks are in no wise damaged by the product. 

(i) The product is a finely divided, white powder, which is 
easily spread on the field. 

The process is now being carried out in a small factory, the 
first factory, belonging to the Difosfat Company, Trollhattan, 
Sweden. 





THE ANHYDROUS CONDITION AND STABILITY OF 
FUSED LITHIUM PERCHLORATE, AND THEIR 
BEARING UPON THE ATOMIC WEIGHT OF SILVER 1 


Theodore W. Richards and Marshall W. Cox 
Harvard University , Cambridge , Mass. 

In a comprehensive research upon the atomic weights of 
lithium and silver, H. H. Willard and one of the present authors 2 
devised and perfected an entirely new method for determining 
the latter of the two atomic weights. This method involved 
the treatment of pure anhydrous lithium chloride with excess of 
perchloric acid, and the drying of the lithium perchlorate thus 
formed for a long time at a temperature of about 300°. From 
the weights of factor and product, together with the ratio of 
lithium chloride to silver (determined at the same time in another 
series of analyses made in the usual way), it is easy to calculate 
the atomic weight of silver with reference to that of oxygen in the 
following fashion, assuming that four times the atomic weight 
of oxygen is 64,000: — 

Ag / LiCl \ Ag 
64.000 \UClOi-UClJ LiCl 

The value of the outcome depends entirely, as usual, upon the 
purity of the three solid substances concerned. Silver is capable 
of being made nowadays in a state of great purity. Lithium 
chloride also can be prepared in a state very free from contami- 
nation, even with water, by methods elaborated at Harvard; 
but lithium perchlorate, which has been less studied, cannot 
be heated to a red heat without decomposition, and its freedom 
from volatile impurities is less certain. This fact was fully 
appreciated by the experimenters, and they promised to investi- 

i The authors are much indebted to the Carnegie Institution of Washing- 
ton for funds needed for the elaborate apparatus employed in this research. 

* Richards and Willard, Pub. Carnegie Inst, of Washington, No. 125. 
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gate further the question concerning the purity of the lithium 
perchlorate. Obviously any water retained by this salt would 
decrease the apparent atomic weight of silver, by increasing the 
denominator of the fraction within the parenthesis. On the other 
hand, any trace of decomposition suffered by the salt would 
have the opposite effect. The resulting contamination of the 
perchlorate by chloride or chlorate is easy to detect; but the 
retention of minute traces of water is much more difficult to dis- 
cover. The present investigation, which has been greatly pro- 
longed because of the subtle nature of the problem, has primarily 
to do with the question as to the anhydrous condition of the 
lithium perchlorate, and we take pleasure in stating that the 
question, if not wholly settled, has now at least been carried much 
further than before. The evidence now available points towards 
the improbability of the retention of weighable amounts of water 
by lithium perchlorate at 300°. It is true that this result was 
not wholly unexpected, for the salt came to satisfactory con- 
stancy in weight, even at 280°, and a rise of 30° had no effect 
upon this weight. Moreover, one of us in collaboration with 
G. S. Forbes, 1 showed some time since that silver nitrate, a salt 
nearly as soluble as lithium perchlorate, retained practically no 
water at all at a much lower temperature, namely, 200°. Never- 
theless, the outcome is satisfactory, and leads one to believe that 
the method under discussion for determining the atomic weight 
of silver is one of the very best. 

The determination of the possible traces of water held by fused 
lithium perchlorate, which had been heated to constant weight 
at 300°, involved three main steps. In the first place, a series 
of experiments was carried out, in each of which about 12 grams 
of the salt thus dried were heated to 400° for some time, while 
the quartz flask containing the fused salt, was swept out with 
pure dry air. This air was afterwards passed through a heated 
tube containing silver wire and a weighed tube of phosphoric 
oxide; the latter would catch and determine the water expelled. 
Even at this higher temperature the decomposition of the per- 
chlorate was very slight. Then two further experiments were 

1 Richards and Forbes Carnegie Institution of Washington, Publication 69 
p. 47 (1907) 
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made with the temperature of the perchlorate raised to 430°, 
where the salt decomposed easily; and the evolution of the 
oxygen was continued until more than half of the salt was con- 
verted into lithium chloride. Finally, controlling experiments 
were carried out in which everything was maintained in precisely 
the same condition except that no perchlorate was present at all; 
and these blank trials served to evaluate the necessary errors of 
experimentation with the complicated apparatus. The crucial 
points of the whole problem were found to lie, first, in thoroughly 
sweeping out the whole apparatus with perfectly dry air for 
many hours before beginning the experiment; and, secondly, in 
filtering the pure air, both before it entered the flask containing 
the perchlorate, and also before it entered the weighed drying 
tube. The filtration was necessary in the first case to remove 
the finest particles of dust which are only very inadequately held 
by the usual forms of purifying towers, and in the second case to 
hold the impalpable powder of lithium salt carried off by the 
bubbles of gas escaping from the fused mass. In each case the 
gas-filter consisted of a fine grained porous cup, suitably cemented 
within the glass apparatus; and the second gas-filter was heated 
during the experiment so that the lithium salt held there should 
not retain any of the water possibly expelled from the fused 
salt. 

The outcome was as follows: — three experiments, in which 
salt previously dried at 300° was further heated at 400°, showed 
gains in the pentoxide tube, amounting respectively to 0.00020, 
0.00027, and 0.00029, in average 0.00025 gram. Two similar 
experiments, in which the temperature was raised to 430°, showed 
corresponding gains in the pentoxide tube, amounting respec- 
tively to 0.00026 and 0.00039, in average 0.00033. Finally, two 
“blank” experiments, in which no lithium perchlorate was 
present at all, showed gains amounting respectively to 0.00028 
and 0.00034, in average 0.00031 gram. 

In short, neither of the series in which lithium perchlorate was 
present deviated more from the control-experiments than an 
account which might be due to the necessary errors of experi- 
ment. Clearly, lithium perchlorate previously dried at 300° 
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cannot be made to evolve as much as one part in a hundred thou- 
sand of its weight of water by very drastic treatment. 

At first sight this result seems to be conclusive; one might be 
inclined, without further thought, to maintain that lithium 
perchlorate thus dried is truly anhydrous; but the problem is not 
as simple as it appears. The fact that the salt gives off no water 
on decomposition does not necessarily prove that traces of water 
are not held as lithium hydroxide at the moment of decomposi- 
tion; for lithium hydroxide would not yield up its combined 
water by mere heating at a temperature even far above 430°. 
Nevertheless, a possible saving agency appears in this case in the 
material of the walls of the flask, which is greatly attacked as 
the salt decomposes. It is conceivable that any lithium hy- 
droxide present would combine with the silica; and the water 
which might otherwise be held may thus be set free. For once 
the containing vessel, which so often introduces disturbing 
impurities, may actually aid the experimenter by its lack of 
resistance to the reagents which it holds. 

Reassuring as this hypothesis may be, it has nevertheless not 
yet been proved; and one is not justified in considering the 
problem as wholly solved. A known amount of lithium hydroxide 
must be added to fused dry perchlorate, in order to discover if 
the mixture can be made to disengage its firmly imprisoned 
water by heating to 400° in contact with silica. This addi- 
tional question will be tested experimentally in the near future. 
The mere heating of the perchlorate seems to have been carried 
as far in the present work as is worth while. The whole matter 
is a striking example of the subtlety and difficulty of a problem 
which might appear at first sight to be exceedingly simple. 

The stability of lithium perchlorate evidently plays an impor- 
tant role in this performance. This stability was apparently 
affected in a very interesting way by the air-filter which removed 
the dust from the air passed over the salt. Without the dust- 
trap interposed in the air current, the salt bubbled in lively 
fashion at 350°; with it, the temperature could be kept for an 
hour and a half even at 400° without visible evolution of gas. 
The loss of weight in the latter case amounted to only a few 
hundredths of a percent. Thus there seems to be some very 
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finely divided matter in ordinary air — perhaps organic dust of 
almost submieroscopic fineness — which catalyzes the decom- 
position of lithium perchlorate by heat. This is an important 
fact in relation to the stability of the salt, as well as in its bearing 
on other similar cases. 

In a few words the contents of this paper may be summarized 
as follows: 

Lithium perchlorate fused at 300° was found to lose no appreci- 
able trace of water when gradually heated to 400° without 
much evolution of oxygen, or when quickly heated to 430° with 
far-reaching decomposition. Thus the salt used by Richards 
and Willard in their work on the atomic weight of lithium and 
silver appears to have been in this respect as pure as it could 
possibly be made. The present work therefore adds support to 
the value for silver 107.871, as found in the former work. Never- 
theless, although as far as it goes the new work confirms the old, 
no one is yet in a position to state absolutely that a trace of water 
is not held by the residue left after the decomposition of the 
salt. This matter will be tested yet further in the future by 
methods already indicated; the question is of consequence, 
because it touches vitally one of the most important of all the 
atomic weights. 





UEBER DIE ZUSTANDSDIAGRAMME DES KOHLEN- 
STOFFS MIT EISEN, NICKEL, COBALT 
UND MANGAN 

Otto Ruff 

Danzig-Langfuhr , Germany 

Die elektriselieii Vakuumofen geben uns die Moglicbkeit, 
Temperaturen bis zu etwa 2700° C zu erreicben und konstant 
zu balten. Mit der Sebaffung dieser Oefen ist uns ein Tempera- 
turgebiet fur selbst quantitative Arbeit erscklossen worden, in 
dem bis dahin Versuche nur in robester qualitativer Form moglieb 
waren. Die Oefen haben den Nacbteil, oberhalb etwa 2400° 
—2600° C. selbst bei bestem Vakuum mit den Dampfen der- 
jenigen Stoffe in merkbarer Konzentration erfullt zu sein, die in 
ihnen als Heizwiderstande Verwendung finden — mit Koblendamp- 
fen von etwa 2600° ab im Falle der KohIerohrkurzschluss5fen, 
mit Wolframdampfen von etwa 2400° ab im Falle der Wolfram- 
robrkurzscblussdfen. Ist das Vakuum in den Oefen weniger 
gut, so bilden sich im Koblerohrofen, der Luft und Feuehtigkeit 
enthalt, Kohlenoxyd, Cyan und Kohlenwasserstoffe in umso 
grosserer Konzentration, je seblecbter das Vakuum und jehoher 
die Temperatur ist; im Wolframrohrofen entsteht unter gleicben 
Bedingungen nur fliichtiges Wolframoxyd. Bei massig gutem 
Vakuum, besonders in einer Wasserstoffatmospbare und bis etwa 
2400° scbeint das Arbeiten im Wolframrohrofen desbalb gtinstiger 
zu sein als im Kohlerohrofen. 

Die Konstruktion von Oefen mit Widerstandsrobren, die nicht 
aus Koble oder Wolfram, sondem aus bochfeuerbestandigen 
O^den gefertigt sind, d.b. aus Massen ahnlich denjenigen, die 
in Nemstiften Verwendung finden, ist bis zu gleich bohen 
Temperaturen binauf nicbt moglicb; denn die Scbmelztempe- 
ratur des naeb unserer Erfabrung bocbst scbmelzenden Oxydes, 
namlicb des Zirkonoxydes, liegt bei etwa 2550°. Da dieses 
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Oxyd, um die notige Leitfahigkeit zu erhalten, noch mit Yttrium- 
oxyd oder einem anderen Oxyd versetzt werden muss und da 
hierdurch sein Schmelzpunkt noch weiter herabgedruckt wird, 
so durfte die in solchen Oefen erreichbare Maximaltemperatur 
2250° kaum wesentlich uberschreiten. 

Die kohlende Wirkung der Atmosphare unserer Kohlerohrkurz- 
schlussofen hat uns veranlasst, unter den vielerlei interessanten 
Aufgaben, die jetzt zur Losung drangen, mit Yorsicht zu wahlen 
und gemeinsam mit unsern Assistenten und Schtilem zunachst 
vor allem die Bearbeitung solcher Stoffsysteme in Angriff zu 
nehmen, bei denen der Kohlenstoff selbst eine der Komponenten 
ist. Wir nahmen uns dementsprechend vor, einmal die Loslichkeit 
des Kohlenstoff s in den verschiedenen Metallen: Eisen, Nickel, 
Cobalt, Mangan, Vanadin, Niob, Tantal, Chrom, Molybdan, 
Wolfram, Uran, Titan und Zirkon in so weitem Temper aturbe- 
reich als moglich zu ermitteln, um auf solchem Weg zu den 
Grenzlinien der Temperatur-Konzentrationsdiagramme des Koh- 
lenstoffs mit diesen MetaUen zu gelangen, andererseits aber auch 
das Temperaturgebiet der Existenz der hierbei auftretenden 
Carbide nach Moglichkeit festzustehen. 

Unsere in dieser Richtung bisher ausgefuhrten Versuche haben 
schon mancherlei htibsche Erfolge gezeitigt. 

Die Grenzlinien der Systeme Eisen, Nickel, Cobalt, Mangan 
mit Kohlenstoff konnten bis zu den Temperaturen verfolgt 
werden, bei denen die an Kohlenstoff gesattigten Schmelzen unter 
10 bis 20 mm Druck bezw. Atmospharendruck verdampften. 

Es hat sich auch gezeigt, dass die Bildung von Carbidformen, 
die nur bei hoherer Temperatur bestandig sind, bei niederer 
Temperatur unter Abscheidung von Graphit wieder zerfallen, 
eine ziemlich haufig sich findende Erscheinung ist. Nicht bios 
beim Eisen, bei dem dies gelegentlich friiher schon angenommen, 
von uns aber zuerst eindeutig nachgewiesen worden ist, sondem 
auch beim Nickel, Cobalt, Wolfram, Molybd&n und anscheincnd 
noch manchen anderen Metallen bilden sich solche Carbide. 
Eine neue Entwicklung der Chemie der Carbide wird dadurch 
angebahnt. 

Nattirlich ist die Beobachtung, dass sich mit hoherer Tempe- 
ratur neue Verbindungsformen zeigen, welche bei niederer 
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wieder zerf alien, in dieser allgemeinen Form nicht uberraschend; 
denn sie steht im Einklang mit unseren theoretischen Anschauun- 
gen; aber im einzelnen yermittelt sie uns doch maneberlei neue 
Kenntnisse, die unsern Gesichtskreis wesentlich erweitem. 
Das nahere Studium dieser Carbide wird vor allem dann nocb 
besonders interessant werden, wenn es gelingt, aucb deren 
Molekulargrosse und W ertigkeitsverhaltnisse klarzulegen; es 
sind dies Aufgaben, deren Bearbeitung wir gleicbfalls in Angriff 
genommen haben. 

Hier soil nur kurz iiber den derzeitigen Stand unserer Kennt- 
nis von den Systemen Eisen, Nickel, Cobalt und Mangan mit 
Kohlenstoff berichtet werden, deren Temperatur-Konzentrations- 
diagramme wir beistehend geben. 4 Figuren! Neu in diesen 
Diagrammcn sind die Linien BDHY bezw. BDY, BY oder 
DY, welcbe die Grenzloslichkeit der genannten Metalle in 
fliissiger Form fur Graphit zeigen und die vorlaufig nur gestrichelt 
gefuhrten Linien YX bezw. YZ, welcbe die Siedetemperaturen 
aller Kohlenstoff haltigen Losungen bezw. die obere Grenze der 
Existenzmoglichkeit aller fiiissigen Losungen andeuten. 

Das Bemerkenswerteste an den Linien BDHY und BDY im 
Eisen und Nickelsystem ist die fast plotzliche Aenderung ihrer 
Bichtung in den Punkten D und H. 

Unregelmassigkeiten im Yerlaufe der Losliehkeitslinie eines 
Stoffes rniissen ihre Erklarung entweder in einer Aenderung 
der Natur des Bodenkorpers oder der Natur der Losung finden. 
Es ist also die Frage zu erortern, ob ein neuer Bodenkorper 
auftritt (derselbe konnte entweder ein neues Carbid oder eine 
neue Kohlenstoffmodifikation sein) oder aber, wenn dies nicht 
der Fall ist, ob die Aenderung der Zusammensetzung der Losung 
eine entsprechende Aenderung der Loslichkeit des Kohlenstoffs 
nacb sich zichen kann. 

Da wir immer in einem Graphittiegel und bis zu vollstandig 
erreichtem Gleichgewicht gearbeitet haben, die Losung an 
Kohlenstoff also stets gesattigt war, konnte die Bildung eines 
neuen Bodenkorpers neben Graphit in Form eines festen 
Carbids nur so eintreten, dass die gesamte Schmelze in dies feste 
Carbid iiberging — es sei denn, dass man metastabile Zustands- 
formen besonders grosser Haltbarkeit annehmen wollte. Ein 
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Festwerden der Schmelzen war bei keiner Temperatur zu beo- 
bachten. 

Die zweite der oben genannten Moglichkeiten, das Auftrcten 
einer neuen Kohlenstoffmodifikation fand ihre Erledigung durch 
die Untersuchung des Nickel-Kohlenstoffsystems. Nach dem 
Befund im Eisen-Kohlenstoffsystem mtisste die Umwandlungs- 
temperatur der beiden Kohlenstoffmodifikationen in einander 
entweder bei 1830° oder bei 2220° liegen; beim Nickel hatten wir 
sie bei ungefahr derselben Temperatur beobachten mtissen; 
wir fanden eine rasche Aenderung der Loslichkeit aber nur bei 
ca 2080°. 

Es bleibt also nichts iibrig, als die Ursache fur die Knicke 1 
in der Aenderung der Zusammensetzung der Schmelzen selbst zu 
suehen. Dies scheint auch wirklich der Fall zu sein. Es lasst 
sich ftir den Punkt D des Eisen-Kohlenstoffdiagramms rein 
reeht-rechnerisch zeigen, dass unsere Annahme gerechtfertigt ist. 

Wir gingen bei unseren Rechnungen von folgenden Vorausset- 
zungen aus: 

1) Im Eisen-Kohlenstoffdiagramm verlaufen nachstehende 
Reaktionen neben einander und bedingen die Zusammensetzung 
der Schmelze. 

a) 3Fefl+CC fes t^Fe 8 C fl — ca 15000 Cal 

b) 2 FesCfl+Cf es t^l!3 Fe 2 Cfi — ca 15000 Cal; 
sie sind verbunden durch die Zwischenreaktion 

C) 2 Fe fl +C f e a t^Fe 2 Cn— ca 15000 Cal 
Die Warmetonungen sind ganz willkurlich angenommen; sio 
konnen ohne das Ergebnis im Prinzip zu andern, in woiten 
Grenzen variiert werden. Der einfacheren Rechnung wcgen 
betrachteten wir sie zwischen 1600° und 2150° als konstant. 

2) Im Punkte D ist die Konzentration sowohl an Eison als 

1 Wir bezeichnen die Punkte D und H als “Knicke , J> obwohl wir dcsson 
wohl bewusst sind, dass sie in grosserem Masstabe gezeichnet lediglich starker 
gekrummte Teile der Loslichkeitslinie darstellen. Man darf nicht vergessen, 
dass wirkliche Kmcke, d. h. Schnittpunkte zweier Kurven auch beim Auf- 
treten neuer fester Bodenkbrper stets mehr oder wenigcr thcoretischo Abstrak- 
tionen sind, deren Zustandekommen den ideellen Grenzfall vorausgesetzt, 
dass die^ Bodenkorper nicht all ma hlich, sondem plotzlich ihre Zusammen- 
setzung andern, also vor allem keine feste Losung miteinander bilden. 
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auch an Diferrocarbid eine sehr kleine; die letztere wird bei 1600° 
mit 0,1% Diferrocarbid und weniger angenommen. 

3) Die Konzentration des freien, d, h, nicht gebundenen Kohlen- 
stoffs ist in unseren Schmelzen zwischen 1600° und 2150° so Mein, 
dass sie derjenigen des gebundenen gegeniiber analytisch und 
thermisch zuriicktritt. Wir fiihrten sie bei 2150° mit etwa 
0,05% in die Rechnung ein und liessen sie mit sinkender Tempe- 
ratur ahnlieh dem Dampfdruck logarithmisch fallen; (indem 
damit ein bestimmter Neigungswinkel ftir die Loslichkeitslinie 
des freien Kohlenstoffs angenommen wird, wird auch eine 
bestimmte Annahme uber dessen Losungswarme gemacht.) 

Alle weiteren ftir die Rechnung notigen Zahlengrossen sind 
dann einerseits durch die experimented ermittelte Gesamtlos- 
lichkeit des Kohlenstoffs, andererseits durch die Gleichung der 
Reaktionsisochore gegeben und willkurlicher Annahmen nicht 
mehr fahig. 

Die Kurve, welche die Rechnung ftir 1600° bis 2150° ergibt, 
deckt sich vollkommen mit der experimentell ermittelten und mindes- 
tens die Moglichkeit des Zustandekommens eines solchen Knickes 
wie ihn Punkt D unseres Diagramms wiedergibt, ist damit 
erwiesen. Es lasst sich aber auch zeigen, dass der Knick D nur 
dann sich bilden kann, wenn die Zusammensetzung der Schmelze 
bei D ziemlich genau diejenige des Carbids Fe 3 C erreicht. 

Gilt namlich unsere Yoraussetzung 2 nicht mehr, nehmen wir 
z. B. an, dass die Schmelze bei 1600° statt 0,1% FeaC schon 
1% Fe 2 C enthalte, so verschwindet der Knick D aus unserer 
Loslichkeitslinie. Dasselbe geschieht auch, wenn der Gehalt 
der Schmelze an freiem Kohlenstoff ein wesentlich grosserer ist, 
als angenommen wurde. Das Yorhandensein des Knickes bei 
D lasst also auch umgekehrt wieder auf die Giltigkeit unserer 
Voraussetzungen 2 und 3 schliessen; die Analyse der Schmelze 
bei diesem Knick ergibt somit die Zusammensetzung der wich- 
tigsten in ihr vorhandenen Molart um so genauer, je scharfer 
der Knick ist. 

Das ftir den Punkt D im Eisen-Kohlenstoffsystem Gesagte hat 
ohne weiteres auch ftir die Deutung des Punktes D im Nickel- 
Kohlenstoffsystem Geltung, solange man die noch innerhalb der 
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Grosse der Versuchsfehler Iiegende Riicklaufigkeit der Kurve 
ausser Betraclit lasst. 

Nicht ganz so einfach wie die Deutung des Punktes D gestal- 
tet sich diej enige des Punktes H im Eisen-Kohlenstoff system; 
denn hier geht der Wert der Losungswarme durch Null, indem er 
sein Vorzeichen wechselt. Wahrend auf der Linie DH die 
Losung des festen Graphits in der fliissigen Schmelze unter 
Warmeabsorption erfolgte: 

3 Fea+Cfest ~ s * Fe 3 Cfl— x Cal und 

2 FesCfl+Cf eB t * 3 Fe 2 Cfl — y Cal 

geschieht sie der Linie HY entlang unter Warmeabgabe, etwa 
entsprechend der Gleichung: 

3 FejCfl — * 2 FeaCg-l-Cfest+z Cal 

Da sich die Losungswarme des Graphits aus den 3 Grosscn: 
Schmelzwarme des festen Graphits, Ldsungswarme des geschmolze- 
nen Graphits und Reahtionswarme des gelosten Graphits mit den 
in der Schmelze enthaltenen Molen zusammensetzt, so muss, da 
die Schmelzwarme und reine Losungswarme des Graphits immer 
negativ sein dtirften, die Reaktionswarme im Punkte II positiv 
sein und gleich der Summe der beiden erst genannten Warmearten. 

Zur Deutung des Punktes H genxigt es darum nicht, bestimmte 
Annahmen uber die Grosse der Warmetonung der in der Schmelze 
zwischen den fliissigen Bestandteilen sich abspielenden Reaktio- 
nen zu machen; es ist auch notig mit veranderlichen Warmeto- 
nungen zu rechnen. Die Berechnungen werden dadurch etwas 
umstandlicher und konnten deshalb bisher noch nicht befricdigend 
beendet werden. Nach dem zur Zoit vorlicgendon Zahlenmatcr- 
ial kann es keinem Zweifel unterliegen, dass die Riicklaufigkeit 
der Loslichkeitskurve im Eisen-ev. auch Nickel-und Mangan- 
system mit einer durch die Aenderung der Warmetonung bcding- 
ten Umkehrung der Reaktionen: 

Metallfl + Graphitf CSt -+ Carbid fl 

erklart werden kann; inwieweit man aus der Scharfe und Lago 
des Kniekes auf die Existenz des von uns zunachst angenom- 
menen Diferrocarbids schliessen kann, vermogon wir jedoch noch 
nicht zu iibersehen. 
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Dem Triferrocarbid gleicbt das Trinickelo- und Trimangano- 
carbid. 

Beim Cobalt wurde ein dem Punkt D entsprechender Knick 
nicht gefunden. Die Carbidlosung siedet unter 20 mm Druck 
mit einem Kohlenstoffgehalt von etwa 6,7% bei etwa 2475°. 
In Wasserstoff von Atmospharendruck kaxrn man den Kohlen- 
stoffgehalt der Schmelze noch etwas hoher bringen, selbst fiber 
den fur das Tricobaltocarbid verlangten Kohlenstoffgehalt von 
etwa 6,78% hinaus. Um dies anzudeuten, haben wir unseren 
Zahlen folgend die Kurve BY gestrichelt fiber Y hinaus noch 
etwas fortgesetzt. Aber die Schwierigkeiten, die wir der starken 
Nebelbildung wegen 1 bei der Temperaturbestimmung fanden, 
machen die ermittelten Zahlen unsicher, weshalb wir unsere 
Bestimmungen zu wiederholen gedenken. 

Aus diesen Untersuchungen ergibt sich, dass es noch bis zu 
etwa 2500° hinauf fast ausschliesslich die Carbidgleichgewichte 
sind, welche die Losung des Kohlenstoffs in unseren Metallen 
bedingen. Diese Gleichgewichte versehieben sich je nach der 
Richtung der Temperaturanderung im einen oder anderen Sinn. 
Der Kohlenstoffgehalt nimmt mit steigender Temperatur zu oder 
ab. BeimEisen sind es die beiden Reaktionen: 

3 FeaCfl * 2 Fe 3 Cfl+Cf ert 
2 PesCfl * 3 Fea+Cfest 

welche unterhalb 2220° mit sinkender Temperatur von links nach 
rechts sich verschiebend die Lage des Gleichgemchts bestimmen. 
Ueber 2220° dtirfte die Verschiebung des Gleichgewichts in um- 
gekehrter Richtung erfolgen. 

Beim Nickel verschiebt sich von 2080° abwarts das Reaktions- 
gleichgewicht: 

NisCfl * 3 Nifl-bCfest 

von links nach rechts und beim Cobalt ist es wahrscheinlich 
ebenso. 

*Die Nebelbildung ist um so starker, je holier die Versuehstemperatur 
ist; sie tritt ebenso wie bei Gegenwart von WasserstoS in unseren Oefen auch 
bei Gegenwart von Stickstoff ein und ist durch das Temperaturgefalle im Ofen 
bedingt. In dessen heissesten Teilen bilden sich Kohlenstoff reichere Ver- 
bindungen, die in den kalteren unter Ausscheidung von Kohlenstoff der eben 
den Nebel bildet, wieder zerfallen. 
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Beim Mangan aber beobachten wir die umgekehrte Folge: 

3 Miifl+Cfeat — * MhjCfi 

Der Aenderung des Reaktionsverlaufes entsprechen nach 
Vorzeichen und Grossenordnung ungefahr auch die von uns 
gemeinschaftlich mit Gersten experimentell bestimmten Warm- 
etonungen des Triferro-, Triniekelo-und Trimanganocarbids. 

Wir fanden fur: 

FesC-15,6 Cal; Ni s C-394 Cal; MmC+12,9 Cal. 1 

Die fiir das Trinickelocarbid gefundene Warmetonung kann 
nur einen ungefahren Masstab fiir deren wirltliche Grosse abge- 
ben, da Nickelreguli mit grosserem Gehalt an Trinickelocarbid 
als etwa 5% nicht herzustellen sind und die Warmetbnung an 
solchen Praparaten bestimmt wcrden musste. 

Da der Bildungswarme fester Stoffe die Afiinitat der in ihnen 
verbundenen Elemente ungefahr parallel geht, so findet in die- 
sen Warmetonungen auch die ausserordentlich geringe Bestandig- 
keit des Trinickeloearbids, die etwas grossere des Triferrocarbids 
und die relativ grosse des Mangancarbids ihre Erklarung. 

Besonderes Interesse bieten noch die Verhaltnisse, die wir 
beim Sieden unserer Carbidschmelzen fanden. Die abziehenden 
Dampfe von den an Kohlenstoff gesattigtcn Schmelzen des 
Mangens, Nickels und Cobalts enthielten nur ausserst wenig 
Carbid; ihr Gehalt an Kohlenstoff lag innerhalb der Grenzen der 
Versuchsfehler und im Riickstand hinterblieb ctwa diejcnigo 
Menge Graphit, die der vorher in der Schmelze gelostcn Kohlon- 
stoffmenge entsprach. Nur beim Eisen waren wir der zu hohcn 
hierfur notigen Temperatur wegen bisher nicht in der Lagc, gleicho 
Bestimmungen auszufuhren; doch haben wir uns durch Destina- 
tion im Lichtbogen auch bei diesem davon ixberzeugt, dass beim 
Verdampfen seiner an Kohlenstoff gesattigten Losung untor 
vermindertem Druck der grossere Teil des urspriinglick gelbst 
gewesenen Kohlenstoffs als Graphit hinterbleibt. 

Wir haben deshalb die Punkte Z, welche die Zusammensetzung 
der Dampfe angeben sollen, die mit der flussigen an Kohlenstoff 

» In Ubereinstiimnimg mit Le Chateliers Bestimmung. 
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gesattigten Losung im Gleichgewicht sind, bis dicht an die Or- 
dinatcnachse fiir Kohlenstoff herangeriickt. 

1st unsere Beobaehtung am Eisen richtig, so bringt sie die 
Erklarung fiir manche andere, vor allem wird die merkwiirdige 
Tatsache, dass die Kohlung des im Elektrostahlofen befindlichen 
Eisens immer nur minimal ist, obwohl der Lichtbogen an Kohle- 
elektroden gebildet wird, verstandlich; denn der Dampf, der den 
Lichtbogen leitet, besteht aus fast reinem Eisen. Unsere Beo- 
bachtungen sind auch ein weiterer Beleg dafur, dass die Kohlung 
unserer Metalle selbst noch bei Temperaturen bis zu etwa 2500° 
im wesentlichen nur durch die Yermittlung von Kohlenoxyd oder 
durch direkte Beriihrung von Metall und Kohlenstoff, nicht aber 
durch Kohlenstoffdampf herbeigefuhrt wird. 
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SUR LA NOMENCLATURE DES SELS COMPLEXES DE 
LA CHIMIE MINERALE 

G. Urbain 

Professeur d V University de Paris, Paris, France 

§1 — La commission frangaise de Nomenclature pour la Chimie 
Minerale a pens6 que des reformes n’6taient pas 4galement 
urgentes pour toutes les classes de composes. 

Si les denominations actuellement en usage pour les composes 
les plus simples ne sont pas toujours rationnelles ni mSme heur- 
euses elles sont du moins assez familieres aux chimistes pour 
que ceux-ci ne risquent pas de faire des confusions parmi les 
substances qu’elles designent. 

La commission abordera cette question dans la mesure ou 
il sera necessaire de rompre avec des traditions surannees, mais 
elle evitera autant que possible de modifier les noms acceptables 
que l’usage a consacre. 

En ce qui conceme les combinaisons complexes, il n’y a aucune 
tradition k menager. La question est des plus confuses et sa 
solution est urgente. La commission frangaise l’a etudiee 
d’une fagon speciale en s’inspirant des considerations suivantes. 

§2 — Toute nomenclature doit avoir pour point d’appui une 
classification. D’autre part, les classifications refl£taient getra- 
lement des theories. Or la Chimie Minerale a fait dans ces 
vingt dernieres annees des progr^s theoriques considerables 
qu’elle doit au remarquable developpement de la Chimie Phy- 
sique. 

La place preponderate qu’occupent les electrolytes, gr&ce 
k l’importance particuliere du dissolvant “eau” justifie le devel- 
oppement considerable qu’ont pris les theories Electrochimiques. 

Le langage de la theorie des ions tend de plus en plus k se 
substituer au langage ancien. L’ opposition que les idees de 
Svante Arrhenius ont rencontree au debut a presque compRte- 
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ment disparue. Les ions ont droit de cite dans Fenseignement 
officiel. 

Les sels r!sultent de la juxtaposition des ions. Mime si 
l’on n’admet pas la th!orie des solutions dilutes, on est conduit 
par la notion de substitution & considerer tout ion complexe 
comme un bloc, c’est-&-dire comme un radical: tel est le cas 
pour l’ion Ammonium (NH 4 ). 

Abstraction faite des desinences, tout sel est actuellement 
dlsigne par les ions qui le composent. On ne dit plus Chlor- 
hydrate d’ammoniaque, mais chlorure d’ammonium. Nommer 
les sels revient a juxtaposer les noms des ions dont ils sont cons- 
titu!s. Dans le cas des sels simples aucune difficulty ne se 
pr!sente; mais il n’en est pas toujours ainsi dans le cas des sels 
complexes. 

§3 — Sels Complexes. 

Tout sel complexe peut Itre consider! comme resultant de 
la juxtaposition d’ions de signes contraires dont Fun au moins, 
serait un ion complexe. C’est la un point de vue trls modeme. 

Autrefois tout sel complexe etait consider! comme resultant 
de la juxtaposition de molecules salines plus simples. Cette 
conception etait conforme & la th!orie dualistique de Berzelius: 
tout sel complexe etait alors consider comme un sel double. 

La question qui nous occupe, comporte dans le domaine de 
la CMmie Organique, un precedent historique. Doit-on, en 
Chimie Minerale, substituer les notations unitaires aux notations 
dualistiques, comme on Fa fait en Chimie Organique a Finsti- 
gation des Laurent et Gerardt? Doit-on considerer la Ca malli te 
comme un magn!so-chlorure de potassium et la formule (MgCl 3 ) 
K-4-6H 2 0; ou doit-on considerer le platocyanure de potassium 
comme un cyanure double de platine et de potassium et le for- 
muler: Pt (CN) S , 2KCN? 

Si Fon croit n!cessaire d’adopter pour les electrolytes un 
systlme uniforme de nomenclature, il faut choisir. Le choix, 
quel qu’il soit, sera arbitraire, car les deux manilres de voir 
seront defendables et egalement justifi!es par les faits. 

La solution de Camallite peut renfermer parmi beaucoup 
d autres choses, des ions (Mg — Cl 3 ) de mime que Fon peut 
admettre que la solution de platocyanure de potassium renferme 
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quelques molecules de Cyanure platineux Pt (CN) 2 et quelques 
molecules de Cyanure de potassium. 

Toutefois les exemples precedents ont ete choisis de telle 
sorte qu’il semblera preferable k tout chimiste de formuler la 
Carnallite Mg Cl 2 , K Cl, 6H 2 0 et le plato cyanure de potassium 
(Pt (CN)*)K2. 

En effet la Carnallite se comporte en solution, principalement, 
comme un melange de Cblorure de Magnesium et de Chlorure 
de potassium et d’eau. Ces trois corps, dans les pbinom&nes 
d’4quilibre dont ce systkme est le si&ge, doivent §tre considers 
comme des constituants independants. 

Au contraire dans le platocyanure de potassium, le platine 
aussi bien que le cyanogfene sont masques k leurs r4actifs habituels 
et dans la solution de ce complexe on ne peut r4v41er ni la presence 
du cyanure de potassium, ni celle du cyanure platineux. 

Sans doute on peut concevoir que l’ion (Pt-(CN) 4 ) est partiel- 
lement dissocie en ion (CN) et Pt Cl 2 , k la fag on dont l’ion 
(Mg— Cl 8 ) est dissocie en ion Cl et MgCl 2 . Dans le premier 
cas la dissociation serait tr&s faible; elle serait considerable 
dans le second. II n’y aurait alors entre les deux ions complexes 
qu’une difference de degr6 de leur dissociation. 

Cette maniere de voir serait incontestablement correcte, si le 
platocyanure de potassium en solution etait un systfeme d’6quil- 
ibre stable, comme c'est le cas dans la Carnallite en solution, 
i Mais c’est 1& seulement une possibilite et il n’est pas necessaire 
qu’il en soit ainsi. Bien plus, il est tout a fait probable, qu’en 
solution, le platocyanure de potassium constitue un systSme 
metastable. 

On sait que les formes metastables peuvent subsister sans 
se transformer necessairement en formes plus stables & la favour 
d’une rigidite particulifere de leur architecture moieculaire qui 
s’ oppose aux transpositions. Lorsqu’un tel cas se presente en 
thermodynamique, on dit que le systfeme est maintenu par des 
liaisons dans un etat d’equilibre contraint. Une forme metas- 
table est reellement un systlme en etat de contrainte chimique. 
J’attire 1’attention sur ce point: La contrainte chimique est 
extr£mement fr4quente et pour ainsi dire la r&gle dans le cas 
des complexes des metaux les moins eiectropositifs. Elle est 
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tout h fait exceptionnelle dans le cas des complexes des m6taux 
les plus 61ectropositifs. 

II est n^cessaire de d^velopper cette proposition qui me parait 
avoir une certaine importance. 

Tout complexe peut 6tre consid6r6 comme un syst&me. Or 
un syst&me n’admet en g6n£ral, dans des conditions fix^es de 
temperature, de pression ou de concentration, qu’un seul etat 
d’gquilibre stable. 

Dans ces conditions, un syst&me de constituants en nombre 
limit6, ne pourra donner naissance qu’k un nombre restreint 
d’esp&ces chimiques d’une composition d6 terming. Ces esp&ces 
pourront h la faveur des reactions reversibles se transformer 
les unes dans les autres. 

C’est bien ainsi que les choses se passent pour un m6tal relative- 
ment tr&s electropositif comme le magnesium; mais il est evident 
qu’il n’en est pas de m£me pour le platine ou m£me pour le 
cobalt dans ses combinaisons trivalentes. 

Considerons pour fixer les idees le systSme qui admet la com- 
position: 

Co (NO 2 ) 3 , 3 NH*. 

A Werner a montre qu’il existait 7 complexes cobaltiques de 
cette composition. Or ces complexes subsistent en solution, 
dans des conditions absolument identiques. II est bien evident 
qu’ils ne peuvent alors 6tre tous les 7 en etat d ; 6quilibre stable. 
Ces 7 isom&res ne peuvent subsister qu’& la faveur de la con- 
trainte chimique: ce sont des esp&ces metastables pour lesquelles 
il n J y a pas lieu d’admettre une decomposition partielle en 
ammoniaque libre et nitrate cobaltique, si 16g£re qu’elle soit. 
En effet h la faveur de cette decomposition partielle, les 7 isom&res 
de Werner pouvaient se transformer les uns dans les autres 
par une serie de modifications progressives infiniment petites 
de retat d’equilibre. Or on n' observe rien de semblable. Ces 
esp&ces peuvent exister indefiniment en presence de leur solution 
commune pour former un complexe de phases auquel la loi des 
phases ne s ’applique pas pour cette excellente raison que le 
nitrite cobaltique et P ammoniaque ne peuvent £tre considers dans 
ce cas com me un syst&ne de constituants ind&pendants. Il est 
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d4montr4 de cette manure, en s’appuyant sur les principes 
rigoureux de la thermodynamique, que les molecules compo- 
santes de certains complexes ne se comportent en aucune manure 
comme des constituants ind4pendants, d’un syst4me de phases 
juxtaposes. Je propose de designer de tels complexes du nom 
de complexes parfaits, pour les distinguer des sels doubles pro- 
prements dits, qui tels que la Camallite admettent comme 
molecules composantes des corps qui, dans un complexe de 
phases ayant la composition du sel double, sont des constituants 
indfipendants du syst&me. 

Aux sels doubles proprement dits conviennent des formules 
dualistiques, aux complexes parfaits des formules unitaires. 

Cette classification de la repr4sentation des sels complexes 
qui s’en suit, sont les plus conformes aux theories dominantes 
de la Science actuelle. Ce n’est pas un syst4me rigide pr4tendant 
plier sous une r4gle unique tous les sels complexes. 

La question n’est plus de faire un choix entre le systeSme 
unitaire et le syst4me dualistique. En Chimie Organique le 
premier a triomph4 et le second a 4t4 banni — sauf en ce qui 
conceme les combinaisons dites mol4culaires. C’est qu’en v4rit4 
les esp4ces de la Chimie Organique sont, d’une mantere g4n4rale, 
des espfeces en 4tat de contrainte chimique. Hantzsch puis 
Vant’ Hoff ont fait remarquer en effet que la chimie organique 
4tait une chimie de syst4mes m4tastables. 

Les espfeces stables de la Chimie du carbone sont le charbon, 
le gaz carbonique, quelques carbures et les substances qui entrent 
dans la composition des goudrons. 

C’est & la contrainte chimique que la chimie organique 
doit sa physionomie si sp4ciale; la multiplied de ses esp4ces 
et la fr4quence de ses cas d’isom4rie. 

Mais la c himi e organique ne jouit pas exclusiyement de ce 
privilege. Tel est aussi le cas pour la chimie de l’or, des m4taux 
de la famille du platine et des m4taux du groupe du fer sous 
la forme trivalente. 

Tous ces 414ments ont le caract4re commun de jouir d’une 
4Iectro affinit4 tr4s faible. A mesure que l’on descend dans 
la bi4rarchie des m4taux, la tendance & la contrainte chimique 
s’4vanouit. Elle est sensiblement nulle dans le cas des m4taux 
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alcalins, des metaux alcalinoterreux et des Terres Rares. Les 
metaux de la s<§rie magn4sierme, puis le Cuivre et le Mercure 
torment la transition. 

Les complexes des metaux peu eiectropositifs sont en general 
des complexes parfaits; les metaux de la s&ie magn^sienne 
sont des sels doubles proprements dits. La chimie des sels 
complexes se modifie progressivement dans le sens qui vient 
d’etre indique quand on etudie successivement les metaux dans 
l’ordre de leur eiectroposivite croissante. 

La mani&re de voir qui consiste & considerer l’alcool comme 
une combinaison d’ethylene et d’eau a 4t4 rejetde d’une mani6re 
definitive par les chimistes organiciens. Les meimes raisons 
peuvent 4tre invoqudes pour rejeter la manure de voir qui 
ferait considerer le platocyanure de potassium comme un sel 
double. L’ion platocyanure (Pt = (CN) 4 ) est un bloc, un radical 
au m4me titre que FEthyle C S H 6 . 

Au contraire les sels doubles sont de v6ritables “combinaisons 
moieculaires.” Cette expression prend d’ailleurs, dans les 
considerations thermodynamiques qui precedent, un sens in- 
comparablement plus precis que celui que lui a ete attribue 
jusqu’ici. 

En Chimie Organique, les combinaisons moieculaires sont 
l’exception et on les neglige systematiquement. En Chimie 
Minerale, on ne peut les negliger vu leur grand nombre; mais 
ce serait une erreur de les considerer comme la rdgle ou de consi- 
derer comme telle les complexes parfaits. Entre les sels doubles 
indiscutables et les complexes parfaits indiscutables, il existc 
toute une serie de complexes formant la transition. D&s lors 
notre classification n’est pas rigoureuse. Nous le recoxmaissons 
bien volontiers. 

Mais y-a-t-il des classifications rigoureuses? 

Au cours de ses discussions, la commission frangaise de nomen- 
clature pour la chimie minerale a reconnu qu’aucune classification 
n’etait rigoureuse. Entre toutes les classes concevables de 
composes, il existe des termes de transition. Dans cet ordre 
d’idees il semble vain de chercher it definir. Les definitions 
ne donnent que Fillusion de la rigueur en mature de classifications 
et il est impossible d’en citer une qui ait resiste a. l’examen. 
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La distinction entre les aeides et les bases est singuliferement 
compromise par l’existence d’oxydes amphot&res tels que l’Alu- 
mine et l’oxyde de Zinc, la distinction entre les m4taux et les 
m4talloides est illusoire. 

La r&gle consiste & rapprocher ce qui se ressemble le plus. Or, 
en chimie rien n’est plus ais4 que de faire surgir des analogies 
pour le besoin des causes les moins d4fendables. La commission 
n’a pas voulu tomber dans ce travers. Elle a d4cid4 de ne pas 
s’arr&ter & discuter les cas douteux. Elle admet qu’un complexe 
difficile & classer, soit parmi les sels doubles, soit parmi les sels 
complexes parfaits, puisse etre indiff4remment consid4r4 comme 
l’un ou comme l’autre, ce qui correspondra h deux manures de 
les nommer. L’inconvenient n’aura pas de consequence grave 
pourvu que, quelque soit le nom pr4conis4, il n’y ait aucun 
doute sur l’individualit4 de l’esp4ce d4sign4e. 

Les consid4rations qui precedent justifieront, je 1’espere les 
conclusions que le rapporteur de la commission fran§aise, Mon- 
sieur F. Bourrion a consign4 dans son rapport pr4sent4 & l’Asso- 
ciation intemationale des Soci4t4s Cbimiques qui accompagne 
ce m4moire. 




MICROGRAPHIE DES FONTES SPECIALES POUR 
BAGUES DE PISTONS 


Robert Ad an 

Docteur en sciences chimiste — metallurgists a Gand Belgique, 

Ghent , Belgium 

On sait toutes les difficulty qu’il yah trouver une bonne com- 
position pour la fabrication des bagues de piston. La theorie 
de cette fabrication a etd plusieurs fois etudiee, aussi sans vouloir 
nous dtendre sur les questions de duretd et d’eiasticite 4 observer, 
nous voudrions presenter au CongrSs le rdsultat de notre pratique 
industrielle sur quelques cas pr61eves dans ce domaine. 

L’analyse chimique a servi de base pour 1’ achat des matiSres 
premieres et pour la marche des operations d’affinage de la fonte. 
L’application du microscope suivie de l’examen nffitallograp tuque 
nous a permis de reconnaitre les conditions de traitement a ob- 
server et nous a permis de supprimer presque compl&tement les 
essais pratiques des pieces termin6es. Elle n’autorise peut etre 
pas la suppression complete de ces essais, mais elle permet d’en 
reduire considerablement le nombre en eiiminant a priori un 
grand nombre de produits dont elle etablit par avance la mau- 
vaise quality. 

Les pieces de fonte foumies comme ressorts sont souvent ou 
trop tendres, douces & l’usure et exigent un remplacement fre- 
quent, ou trop dures, elles usent alors le manchon des cylindres 
ce qui n4cessite des revisions cotiteuses. 

On a preconise dans ces derniers temps l’emploi de fontes dures 
tres siliceuses. Le silicium localise et nourrit les particules de 
graphite eparpiliees k travers le metal. Ces parcelles de graphite 
se localisent dans certaines portions oh leur distribution est irre- 
gulifcre et elles affaiblissent serieusement le metal en le rendant 
extr£mement dur et cassant. Les experiences faites k l’aide de 
ces compositions, en operant sur un grand nombre de types divers 
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ae nous ont pas donn6 de r<§sultats satisfaisants pour continuer 
les recherches en ce sens. 

Au cours de ces recherch.es notre attention a 6t6 amende sur 
one composition intermediate entre la fonte pour la fabrication 
de Tacier basique et les fers de forges anglais. II a une teneur 
moyennement £lev4e en phosphore. 

Sa teneur en manganese est 4galement 41ev4e: de 0.750 1.50%. 
La teneur en soufre varie habituellement de 0.06 k 0.10%. C ; est 
probablement la combinaison des teneurs 41ev4es en phosphore 
et en manganese qui donne k ce fer sa cassure caract&ristique 
fine et grenue. 

La mati&re premiere est g6n6ralexnent de la composition in- 
diqu4e ci-dessous. Souvent la teneur en phosphore est plus 
41ev4e et celle en manganese atteint 1.5%. Par la fusion suc- 
cessive on Pam&ne k la composition moyenne de 3 e fusion indi- 
qu4e par le tableau en suivant en meme temps les modifications 
au moyen du microscope. 


Dosages 

1°. Fusion 

2®. Fusion 

3 e . Fusion 

Carbone graphitique 

3.18 

2.75 

2.49 

“ combin4 

0.31 

0.42 

0.61 

Silicium 

2.79 

2.25 

1.53 

Manganese 

1.26 

0.71 

0.63 

Phosphore 

0.37 

0.36 

0.34 

Soufre 

0.04 

0.06 

0.079 


Comme on le voit la refonte a pour effet d’enlever le silicium 
et d’augmenter la teneur en soufre. Elle se traduit en fin de 
compte par la transformation du m4tal en une sorte de fonte 
blanche k grains serr£s. Une teneur en phosphore 41ev4e n’est 
pas nuisible pour cet usage k condition de ne pas d4passer 1% 
environ. Une forte proportion du carbone primitif se trouve k 
P6tat de combinaison. L’obtention de cette texture serr4e, 
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l’oxydation du silicium et du carbone graphitique est facilit4e 
par l’emploi de faibles quantit4s de thermite. 

Le photogramme 1 repr6sente la masse grenue de carbure de 
fer (c4mentite Fe 2 C) corrod4e par l’acide picrique, parmi la- 
quelle se trouvent r4pandues les dunes de perlite, entourant des 
flots de c4mentite et de ferrite. Le graphite apparait en grandes 
paillettes, les dunes de perlite sont disposes en stries parall&les. 
On per§oit dans ce photogramme les eonstituants de la fonte 
grise, perlite et ferrite, graphite et phosphure de fer. 

Le photogramme 2 montre de grandes plages blanches de fer- 
rite presque pure et des llots de c4mentite bien d4coup4s, entre 
ceux-ci s’estompent en grisailles des champs de perlite se d4ta- 
chant sur un fond clair de ferrite. On distingue aussi trois gran- 
des lamelles de graphite dont une partie se trouve dans la ferrite 
blanche tandis que l’autre est engag4e dans la perlite grise. A 
gauche, un grand trou noir : c’est une trace de scorie qui s’est 
probablement 4chapp4e pendant la coul4e. L’examen micro- 
graphique fait constater la presence de fonte blanche m414e de 
fonte grise propre k la conversion en fer forg4 : c’est une excel- 
lente composition pour la fabrication des cercles de pistons. 
L’ analyse chimique en est donn4 dans le tableau pr4c4dent sous 
“3*. fusion.” 

Le photogramme 3 reprfeente une partie isol4e du photogramme 
2 sous un e amplification de 500 diametres mais sans l’emploi d’ 
aucun r4actif d’attaque. Le graphite se pr4sente sous forme de 
petites lamelles allong4es et irr4guli5res et aussi en groupes de 
points de diff4rents diam&tres. Ces grandes paillettes notres 
sont entour4es de plages blanches non diff4renci4es par l’attaque. 
Espac6es dans la pr4paration, on apergoit de petites taches 
blanches diss4min4es irr4guli4rement. Cette particular^ du 
photogramme nous a amen4 a en rechercher chimiquement les 
causes, nous avons trouv4 ainsi qu’elles 4taient dues Si des cris- 
taux de ferro-aluminium. L’ analyse chimique nous fit d4cou- 
vrir des proportions variant entre 0.32 et 0.39 d’aluminium pour 
cent. Sa pr4sence, sans aucun doute, 4chappe S. l’attention, si 
le microscope n’avait d4cel4 cette impuret4. 

J’ai choisi parmi im grand nombre cet exemple emprunt4 Si la 
pratique de l’usine et se rapportant au traitement d’une seule 
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composition, Les cas analogues sont nombreux, mais je crois 
par Fexamen d’un seul avoir mieux fait comprendre Fint6r6t 
qu’il y afl suivre au microscope et au Iaboratoire le rdsultat d'une 
6tude faite en grand par l’industrie. Oe qui pr6c6de montre que 
la fabrication des bonnes bagues de pistons n’est possible que 
sous le contrftle de la mierographie. 




Figuie 1 



Figure 2 






(Abstract) 


ERRORS IN GAS ANALYSES RESULTING FROM THE 
ASSUMPTION THAT THE MOLECULAR VOLUMES 
OF ALL GASES ARE ALIKE 

George A. Burrell and Frank M. Seibert 

The authors submit actual calculations from gas analyses 
they have performed in which is shown the need for correcting 
well known equations so that the errors which result from the 
assumption that the molecular volumes of all gases are alike will 
not occur. 

The best density determinations made of the common gases 
were ohosen, and the reactions for complete combustion with 
oxygen of carbon monoxide, methane, ethane, propane, etc., 
were changed accordingly. 

The combustfbk ecusstituents in natural gases are changed 
in some cases as mbeh as two per cent when the correct equations 
are used. 

The df study consists in the use of the cor- 

rected equations wbfeS analyses are made of gas mixtures con- 
taining high percentages of combustible gases. 
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ELECTRIC HEATING AND THE REMOVAL OF PHOS- 
PHORUS FROM IRON 


Albert E. Greene 
Chicago, III . 

Processes for the removal of phosphorus from iron or steel are 
steadily assuming greater importance in view of the abundance 
of high-phosphorus iron-ore and the diminishing supply of pure 
ore. In the present processes of removing phosphorus, by the 
basic open hearth or basic Bessemer, or even electric processes, 
complete control over the metal metallurgical conditions is either 
impossible or has not yet been realized. The removal of phos- 
phorus has so long been accomplished along certain well defined 
lines that when the electric furnace made its appearance, metal- 
lurgists stuck to the same old reactions used in the older proc- 
esses and failed to appreciate and take advantage of the new 
forces at their disposal. It is an object of this paper to set forth 
more clearly the metallurgical reactions by which phosphorus 
can be removed from iron and to show the necessity of control- 
ing the conditions and particularly the temperature by means 
other than combustion in the furnace chamber. 

Invariably the commercial removal of phosphorus has been 
accomplished by oxidation. The reactions involved in oxida- 
tion of phosphorus in general consist first of the formation of 
P2O6; and, second, the combination of this oxide with lime form- 
ing calcium phosphate, which latter is held in a slag high in oxide 
of iron. In the present used processes, the phosphorus is never 
removed without the assistance or presence of considerable quan- 
tities of oxide of iron. The oxygen for removal of phosphorus in 
the basic open hearth process comes largely through the medium 
of oxide of iron and partly from the furnace gases but not from 
lime, and the lime itself cannot prevent the reduction of phos- 
phorus back into the metal out of slags from which oxide of the 
iron is largely reduced, and likewise in the Basic Bessemer pro- 
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cess, although here the oxygen comes originally from air, yet 
oxide of iron formed in the blow is the essential carrier of oxygen. 

Among the more important metallurgical conditions which 
control the reactions of phosphorus are the temperature, the 
presence of oxidizing agents or reducing agents, or both, and the 
intensity of the resulting oxidizing or reducing conditions, or, in 
other words, the equilibrium conditions governing the reactions 
involving oxygen; the influence of slags, including the influence 
of oxides therein having affinity for oxide of phosphorus, or other 
phosphorus compounds, the solubility in the slag of such phos- 
phorus compounds, the presence of oxides of like chemical nature 
to phosphorus oxide and tending to displace it; and the affinity 
of the reduced metal for phosphorus. In processes where the 
heat is supplied by combustion, it is not possible to maintain 
complete control over all the above conditions. In the open 
hearth furnace, the temperature is maintained by combustion of 
gas in the furnace chamber and the atmosphere is oxidizing to a 
greater or less extent. Any control over the reducing conditions 
in an open hearth furnace must therefore come from reducing 
agents in the metal and very limited control, if any, can be had 
over the action of these agents such as silicon or dissolved car- 
bon. Since oxide of iron cannot be kept from forming in the 
slag under influences of the furnace atmosphere, it is apparent 
that the silicon or carbon in the metal are the agents which must 
be relied upon to prevent such oxidation. 

To hold the strongly acid oxide of phosphorus in the slag re- 
quires a fluxing agent having strong affinity for phosphorus and 
which is strongly basic in chemical nature, like lime. Calcium 
phosphate is not at all difficult to reduce, however, at an elevated 
temperature and with strong reducing agents and either silicon 
or carbon is capable of reducing it. This statement holds true 
even though the carbon or silicon be dissolved in iron, although 
the intensity of the reducing action is then less, possibly owing 
to the “pulling action” of the iron itself on these reducing ele- 
ments. The temperature may, of course, greatly influence the 
action on the slag of these reducing agents contained in the metal 
and may so change their affinity for oxygen as to prevent reduc- 
tion of certain oxides in the charge, as is so in the case between 
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carbon and phosphorus. In an open hearth furnace, calcium 
phosphate will be reduced from the slag back into the metal when 
the conditions of equilibrium between the oxides of iron in the 
slag and the reducing agents in the metal are such as to reduce 
the amount of iron-oxide below a certain limit. Silicon is such a 
strong reducing agent that practically always, except in certain 
cases to be noted later, it must be oxidized out of the metal before 
the phosphorus is attacked. If present in the bath, it reacts 
with any oxide of phosphorus present and reduces it. The pres- 
ence of large amounts of silica in the slag or lining of the vessel 
is ordinarily detrimental to removal of phosphorus. 

The influence of carbon, the other important reducing agent 
in the metal, is largely dependent on the temperature, its affinity 
for oxygen being less than that of phosphorus at low tempera- 
tures, and vice versa at temperatures above about 1450°C. Thus, 
at low temperatures, carbon dissolved in the iron is not a strong 
enough reducing agent to reduce calcium phosphate held in a 
slag high in oxide of iron, but at higher temperatures it is. Thus, 
either by means of silicon or by means of carbon contained in 
the metal or, of course, by solid carbon, the oxide of iron in the 
slag may be readily reduced and when such reduction proceeds 
far enough, the calcium phosphate is also reduced and the phos- 
phorus goes back into the metal. 

The fact that at low temperatures phosphorus is more easy to 
oxidize out of the metal than carbon is the basis of several modi- 
fications of theVpen hearth^process, such as the Krupp washing 
process, the Bertrand- Thiel process, etc. The slight differences 
in these processes, such as the heating up of ore, lime, and pig 
iron, together, or the preliminary heating of the ore and lime 
and subsequent use of molten pig iron, do not change to any great 
extent the final result as to the method of removing phosphorus. 
The manner of carrying out this oxidation of phosphorus deter- 
mines the degree of activity and frothiness of the slag, but essen- 
tially the reaction is the formation of calcium phosphate in the 
presence of considerable oxide of iron. 

In the operation of the Basic Bessemer process, the chemical 
reactions involved in the separation of phosphorus are in reality 
practically the same as those in the open hearth process. In 
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the Bessemer process, temperature is maintained by combustion 
as in the open hearth, the combustible materials being the sili- 
con, phosphorus, iron, carbon, etc., of the charge, and also these 
are burned with an excess of oxygen to produce the necessary 
heat. Oxidation of the phosphorus results from oxygen of air 
.primarily, but oxide of iron formed from the air acts as a carrier 
of oxygen just as in the open hearth process the slag serves as a 
carrier of oxygen from the furnace gases. 

A large proportion of the heat evolved in the Basic Bessemer 
process results from the oxidation of phosphorus, but it has been 
found that a certain proportion of silicon is necessary in the pig 
iron to produce the requisite final temperature. Silicon is oxi- 
dized first, together with iron, and thereby the temperature of 
the bath is raised above that known as the critical temperature 
between carbon and phosphorus, and above this critical tempera- 
ture the phosphorus is not removed appreciably until after both 
the silicon and the carbon are largely oxidized out. In certain 
cases with low silicon, oxidation of phosphorus takes place from 
the early part of the blow simultaneously with that of carbon. 
This is what would be expected if the temperature be held at 
about the critical point since at this temperature the oxidation 
of carbon and the formation of calcium phosphate take place 
with equal readiness. 

An interesting example of the effect of metallic reducing agents 
in connection with the Basic Bessemer process is the rephospho- 
rization of the metal on the addition of spicgel. The spicgel 
enters the metal at a high temperature and through a slag con- 
taining considerable quantities of calcium phosphate. At an 
elevated temperature, both silicon and manganese are easier to 
oxidize than phosphorus and these two elements tend to reduce 
the phosphorus from the slag back into the metal. Prom recent 
experiments of the writer, it has been found that at a low tem- 
perature, phosphorus is, on the contrary, more easily oxidizable 
than manganese in the presence of lime and can be separated as 
calcium phosphate without oxidation of manganese. The reac- 
tions involved will be more fully discussed later. 

On comparison of the conditions in the Bessemer and Open 
Hearth process, it is seen that the controlling factors in the sepa- 
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ration of phosphorus are almost identical. Lime is, of course, 
necessary to hold the phosphorus in the slag. Combustion is 
the source of heat and iron-oxide is always present and usually 
in large amounts; silicon oxidizes before phosphorus; and the 
oxidation of carbon before or after phosphorus is determined by 
the temperature. Lack of complete control over the reactions 
which results from producing the requisite temperature by com- 
bustion in the furnace chamber thereby necessitating loss of iron 
as oxide in the phosphate slag is the very feature which electric 
heating can correct. 

The Electric Furnace has been found well adapted to remov- 
ing phosphorus by oxidation in the old way, but not commer- 
cially, and on careful consideration it is difficult to see how it 
could do so commercially in competition with the Open Hearth. 
The process of removal of phosphorus in the Heroult Furnace, 
for example, as practiced by the United States Steel Corpora- 
tion, has been to charge blown steel into the furnace and melt 
on top of it a slag of lime and iron oxide. The reactions are iden- 
tical with those in a basic open hearth. And in spite of the fact 
that the temperature can be maintained high, the removal of 
phosphorus in a large furnace takes anywhere from 20 minutes 
to an hour and a half, according to the amount of phosphorus 
removed. After the phosphorus is separated in a slag high in 
oxide of iron, that slag has to be removed in order that the bad 
effects of the oxides contained therein on the steel may be reme- 
died. It is certainly difficult to see wherein lies the advantage 
of using costly electrical energy, electrodes, etc., to do the same 
thing that is done with cheaper fuel heating in a basic open hearth. 
And this is gradually becoming realized. After removing this 
first slag, it is replaced by a reducing slag to remove the oxygen 
from the metal. Here metallurgists have gone to the other ex- 
treme; they have aimed at and obtained the strongest reducing 
conditions possible by use of solid carbon and high temperatures. 
They have used as a measure of the intensity of such reducing 
conditions the formation of carbide in the slag. And these con- 
ditions are such as will readily reduce phosphorus compounds 
in the slag. 

One method of avoiding two slags was proposed and tried 
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out. It consisted in the use of a solid reducing agent, such as 
fine coke, added to the oxidizing slag after the phosphorus had 
been taken up by that slag. The object of this was to reduce 
the iron-oxide of the slag and leave the phosphorus as calcium 
phosphide. The results of the tests on this process indicated 
that the use of a solid reducing agent at the elevated tempera- 
tures necessary in a steel furnace not only reduce the iron, but 
also the phosphorus and the latter goes back into the metal. No 
other result could have been expected. The explanation of the 
above reaction is simply that solid carbon has a stronger affinity 
for oxygen than has phosphorus at the temperature of molten 
steel in an electric furnace, even though the phosphorus be com- 
bined with lime as calcium phosphate. In other words, the 
reducing conditions acting on the slag are so strongly reducing 
that phosphorus goes back into the metal. 

High phosphorus iron-ore has been partially reduced in the 
presence of lime without practically any of the phosphorus enter- 
ing the metal, the phosphorus being retained in a slag very high 
in oxide of iron. Such reduction of iron and separation from 
phosphorus has been carried out in an electric furnace by using 
insufficient carbon to completely reduce the ore, since solid car- 
bon, if present, will, of course, reduce the calcium and iron phos- 
phates at the elevated temperature maintained. The action 
here of solid carbon is similar to that in a blast furnace where 
the presence of an excess of solid carbon causes reduction of oxide 
of phosphorus and it is found in the metal. In an electric ore 
reduction furnace, even with a basic lining, excess of coke will 
produce the same result and the presence of lime does not over- 
come this effect. On the other hand in an electric reduction 
furnace, when the carbon reducing agent is limited, the phos- 
phorus does exactly what it does in an open hearth— slags with 
iron-oxide as iron phosphate and combines with lime to form 
calcium phosphate after the carbon is used up by combination 
with oxygen of the ore. The above facts show why it is not pos- 
sible to reduce iron from the first slag in the Heroult steel refin- 
ing furnace by use of coke without reducing phosphorus back 
into the metal. 

It is a fact that at an elevated temperature, oxide of iron is 
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more easily reduced than calcium-phosphate and it is evident 
that if the proper intensity of reducing conditions be maintained 
at the elevated temperature, oxide of iron may be completely 
reduced without reduction of calcium phosphate. Such condi- 
tions are obtainable by use of a gaseous reducing agent such as 
ordinary producer gas meanwhile maintaining the temperature 
electrically. 

The various reactions of phosphorus associated with iron may 
be summarized as follows: — 

1. At temperatures under 1450°C., phosphorus in pig iron 
has greater affinity for oxygen than has the carbon in the pig 
iron, but less affinity for oxygen than solid carbon in the pres- 
ence of pig iron. 

2. At temperatures above 1450°C., the affinity for oxygen of 
the carbon dissolved in iron becomes greater than the affinity of 
phosphorus in the iron and the dissolved carbon can reduce cal- 
cium phosphate in the slag as, of course, solid carbon can do also. 

3. Phosphorus oxidizes in presence of lime and iron-oxide to 
calcium phosphate in absence of silicon or solid carbon. 

4. Silicon reduces calcium phosphate nearly always, but there 
may be a range of temperature under 1450° where phosphorus 
oxidizes to calcium phosphate more easily than silicon to calcium 
silicate. 

5. Solid carbon will reduce calcium phosphate contained in 
a slag or bath of iron and phosphorus will go into metal. 

6. Calcium phosphate can form without oxidation of iron in 
presence of carbon dissolved in pig iron at low temperature. 

7. Calcium phosphate can form without oxidation of iron in 
absence of carbon and silicon at high temperatures; i . e., above 
1450°C. 

8. Oxide of iron can be reduced without reduction of calcium 
phosphate contained in same slag. 

9. Solid carbon is a stronger reducing agent than carbon dis- 
solved in the iron probably because of the affinity of the metal 
for Carbon. 

It is apparent that in all of the present processes, the complete 
control of at least one important factor is either lacking or has 
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not been utilized. In the open hearth process, it is the control 
of the reducing conditions that is limited and likewise in the 
Bessemer process; but in this latter process, the control is further 
limited by the necessity of raising the temperature by oxidation 
of elements in the charge itself. In the electric furnace, how- 
ever, where heat can be produced independently of combustion 
or chemical reaction, this important factor — namely, intensity 
of reducing conditions — can be controlled at will and with ease. 
Up to the present time, this fact appears not to have been appre- 
ciated by metallurgists, judging by present methods. It is in 
the complete control of the reducing conditions that important 
possiblities of Electric Heating lie, and as this fact becomes more 
generally recognized and used it is probable that some method 
will be devised for measuring the intensity of reducing conditions 
or equilibrium conditions. Since the intensity of reducing con- 
ditions is the reverse of the intensity of the oxidizing conditions, 
the term “oxygen pressure” may find a use as a measure of them. 

Among the reactions made possible by control of the reducing 
conditions and temperature simultaneously is the reduction of 
oxide of iron from a slag containing calcium phosphate without 
reduction of the phosphorus contained therein. Naturally the 
origin of the phosphorus containing slag or charge is immaterial; 
it may be raw ore containing phosphorus, or it may be a slag in 
which some of the original oxide of iron served to provide the 
oxygen for combination with phosphorus, the oxide of phosphorus 
subsequently combining with lime to form phosphate. Or the 
reducing conditions may be so controlling as merely to prevent 
oxidation of iron which, at the same time, causes phosphorus to 
oxidize and combine with lime. 

In the writer’s experiments along this line, it has been found 
that at temperatures below about 1400°, the phosphorus was 
easier to oxidize than carbon from pig iron. And it was found 
that the phosphorus could be oxidized in the preseneo of lime 
without any resultant oxidation of iron and with practically no 
oxidation of carbon; that phosphorus could be oxidized in the 
presence of lime without oxidation of manganese; and a very 
interesting further observation was made — namely, that at cer- 
tain temperatures between the melting point of pig iron and 
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about 1350°C., phosphorus oxidized in certain cases in the pres- 
ence of lime without any appreciable oxidation of silicon. This 
would indicate a reversal of oxygen affinity of these elements — 
phosphorus and silicon in pig iron in the presence of lime. 

A fusible slag results from proper proportions of acid and basic 
radicals. It has been found that the silica content in the slag 
may be as high as 30% without apparently hindering the re- 
moval of phosphorus. Phosphorus was separated in slags con- 
taining this much silica and yet practically no iron oxide was 
present in that slag. This points to the possibility of a low melt- 
ing point slag for holding phosphorus. 

The reduction of oxide of iron from a charge or slag contain- 
ing phosphorus as calcium phosphate without reduction of the 
latter requires essentially the same control of the conditions as 
does the selective oxidation of phosphorus in presence of lime 
forming calcium phosphate, without oxidation of iron. Electric 
heating is the only practical way of accomplishing such control. 

It is not to be doubted that metallurgists will very soon appre- 
ciate the distinction between various degrees of oxidation and 
reduction, where they have not already done so, since in so many 
cases undesired elements can be separated from metals by oxida- 
tion of the impurity and reduction of the metal. When this 
becomes generally appreciated it is prophecied that Electric 
Heating will come into use to an extent that can now hardly be 
thought possible. 



SUE, LES CREUSETS [DES FOURS A PLOMB 


J. P. Doanides 
Laurium, France 

C’ est deux cas de mon experience comme chimiste metallur- 
gists, directeur de la Society des Usines du Laurium, que je viens 
communiquer aux specialistes. 


I 

Les fours plomb de la Society des Usines du Laurium sont 
installs tout pr&s de la mer et It la c6te+ 0, 80m. II est arriv6 
1’ ann4e demiere que le creuset d’un d’ entre eux, k la suite d’ une 
marche tr4s intensive, et d’ une allure trds chaude, fut rong4 par 
le speiss S, un point inquietant. En sondant par le trou de la 
coul6e nous constations une profondeur de 0,40m inferieure k la 
normale. Nous risquions done d’ avoir par les infiltrations du 
metal fondu & travers la magonnerie ainsi deterior4e, d’ avoir en 
contact les matures fondues du creuset avec l’eau de la mer, 
qui arrive jusque aux fondations des fours. 

J’ ai remediy & cet 4tat des choses en alimentant mon four avec 
une forte proportion de mattes sulfureuses (20%) d’ une teneur 
de 23% de S et 7% de Pb. Le resultat en a 6t6 trSs satisfaisant 
Apr4s quelques jours d’ irregularity, la marche du four devint 
normale et son rendement identique k celui des autres. 

Je suis parti du fait accus6 par tous les metallurgistes par leur 
experience, que les mattes engorgent les creusets et diminuent 
leurs dimensions, surtout en profondeur. 

II 

Pendant un arr4t pour reparations d’un Water Jacket de 
0,90/2,20 m alors en marche k 1' usine de la mime Society, je me 
suis rendu eompte que la magonnerie du creuset 4tait fissur6e 
jusque aux fondations, son armature metallique 4tait craqu4e, 
et qu’ il y avait fuite de plomb fondu, dont le creuset 4tait plein. 
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JP ai 6t4 oblig6 de vider le creuset et ne pouvant pas proceder 
k la reparation necessaire, lorsque apr6s deux jours j* ai remis 
le four en marche, je n’ ai pas os6 remplir le creuset avec du plomb 
comme de rigueur, craignant de nouvelles fuites. Par contre j* 
ai cherch6 le moyen de les empecher, en fermant les fissures par 
une matiere moins fiuide que le plomb fondu. 

Je P ai trouv6 en une scorie tres fiuide de 28.00% de SiOsr- 
26.00% de Fe— 8.00% de Mn-4.00% de CaO-et 3.50% d’ 
Al 2 Os. Ayant done fait un bon feu, j' ai rempli le four avec la 
charge appropri^e, et j* ai donn6 le vent en pression. Le creuset 
de cette fagon s’ est vite rempli completement de scorie, qui par 
la pression de la ventilation a introduite dans les fissures du 
fond. Peu apres les charges plombeuses ont donn6 leur metal. 
La marche fut 4tablie normale comme au paravant. 


Abstract 


ON THE CONSTITUTION AND GENESIS OF CERTAIN 
LIGNITES AND SUB-BITUMINOUS COALS 

Reinhardt Thiessen 
Bureau of Mines, Washington, D. C. 

Coals are composed chiefly of a residue of the most resistant 
components of plants, of which resins, resin-waxes, and higher 
fats and alcohols are the most important. 

Plant substances differ very markedly in their resistance to 
various agencies. Those substances involved in the life and the 
support of the plant are relatively labile, whereas those involved 
in some protection function, or are to be looked upon as waste 
products, are relatively stable. Of these substances like the 
resins, waxes, resin-waxes, higher fats and alcohols are the most 
stable. 

After the death of the plant there begins, governed by various 
conditions imposed upon the deposit, a partial decomposition, 
maceration, elimination and chemical reduction, brought about 
chiefly by the agencies of organisms, fungi first, followed closely 
by bacteria. The least resistant components are removed first, 
leaving the more and, thej most ^resistant behind in a residue 
called peat. 

The process of elimination and chemical reduction begun in 
the peats, chiefly by biochemical means, is taken up and con- 
tinued by dynamochemical means into and through the various 
grades of coals. 

Lignites and sub-bituminous coals are therefore composed of 
a residue or debris consisting of the more and the most resistant 
plant substances in a macerated and changed condition, in which 
are usually embedded logs, stems, branches, or fragments thereof 
also in a much changed condition, in varying proportions. 

The “wood” has been reduced very much, and since its resin 
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contents have suffered little if any change, it has become very 
resinous. 

The debris is composed (a) of cellulosic substances in a greatly 
altered condition, in the shape of fragments of tissue, small com- 
plex of cells, single cells and fragments of cells; (b) resinous sub- 
stances; (c) cuticles; (d) spore-exines; (e) pollen-exines; and 
(f) a variety of a small number of other unimportant bodies. 
The interstices of these bodies are in turn filled in with a still 
finer originally macerated matrix consisting essentially of the 
same substances, either in a very high state of comminution or 
the residue of them. This component is termed the ground- or 
binding-mass. 

Highly macerated leaf cuticles are an important component of 
the ground mass. 

The proportion, or distribution, of the various bodies named, 
varies considerably in different beds and in different layers of 
the same beds. 

The ratio of the cellulosic components to the resinous and 
cuticular components varies, generally, inversely to the state of 
maceration and the degree of metamorphism of the coal. 




ELECTRIC INDUCTION AND RESISTANCE FURNACES 

FOR STEEL 


C. H. Von Baur 

Electric steel furnaces of the induction type have been in 
operation for over a decade, using single-phase current. Lately, 
furnaces of improved design have been operated directly from 
two-phase and also from three-phase current, without any pre- 
vious transformation into the simpler single-phase. 

I wish to lay before you a few recently determined facts con- 
cerning the action of the rotating field which is present in poly- 
phase induction furnaces. 

This rotating field is the short-circuited secondary, or the 
molten metal; and in the two-ton size Roechling-Rodenhauser 
furnace this rotating field of molten metal wore out the lining 
too rapidly at certain places in the hearth. Oddly enough, when 
this same style of furnace was made a little larger, in a three- 
ton size, the rotating field did not manifest itself sufficiently to 
have any deleterious effect on the lining, owing no doubt to the 
widening of the hearth. The lining lasts as long in this case as 
in a single-phase furnace of equal size, for as many as four to 
five hundred heats have been taken from one lining when using 
hot charges, and about half as many heats when charging cold 
material. In order, however, to simplify the polyphase fur- 
nace hearth, and consequently lengthen the durability of the 
lining, it was deemed best to construct the furnace on the two- 
phase principle. This furnace construction has two transformer 
cores protruding through the bath, instead of three, as with the 
three-phase furnace. This two-phase construction employs the 
well known figure-eight hearth, which in additon to being simp- 
ler from both an electrical and metallurgical standpoint, is also 
more efficient thermally, as the radiation losses are less. Metal- 
lurgically, the furnace is better and easier to operate, as the hearth 
is wider and shorter compared to the corresponding single-phase 
size having the same shaped hearth. This makes the rabbling- 
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off of slag easier than with the single-phase furnace, and com- 
pared with the three-phase style furnace this rabbling is also more 
convenient, as the slag is removed from doors which are in a 
straight line with the spout. 

This two-phase type of construction is also more simple com- 
pared to the three-phase type, as only two coils are wound about 
the transformer cores instead of three. When three-phase cur- 
rent must be used it is transformed in the furnace itself to 
two-phase, without employing auxiliary transformers having the 
well known Scott connection. The heat regulation of the furnace 
is then accomplished by regulating the three-phase incoming cur- 
rent by means of a simple and inexpensive three-phase induction 
regulator. This improvement will also decrease the installa- 
tion cost. I am glad to say that all Roechling-Rodenhauser 
and improved-type induction furnaces will be built in this form. 

I now wish to lay before you a new metallurgical fact concern- 
ing steel at a very high temperature, such as has been attained 
in the induction furnace. It is a high- temperature phenomenon 
which might be called a new critical point of iron. 

A test was carried on in an eight-ton induction furnace having 
enough electrical power behind it for a fifteen-ton furnace, of 
this type. The full capacity of the alternator was used for the 
test, and, as there was power to spare, the charge was greatly 
overheated. In fact, the temperature obtained was so high 
that the magnesite lining was completely fused even below the 
slag line, which indicates that the temperature must have been 
at least 2400° to 2600°C. 

Common steel, as is well known, has a critical point at a tem- 
perature of about 760°C., and when arriving at this point it 
seemingly does not rise in temperature so rapidly, whereas when 
the temperature reaches about 810°C., a sudden and rapid rise 
in the temperature of the steel takes place. The same thing 
seems to be repeated at the higher temperature alluded to and 
another critical point seems to be reached. The metallurgists 
present at this test stated that when a temperature of about 
2350°C. was obtained, the steel became thick and viscous. How- 
ever, after the temperature had risen some 200° higher, it again 
became liquid and was then poured into the ladle. There it 




xxv] 


Congress of Applied Chemistry 


207 


was naturally cooled down somewhat, and became again thick 
and viscous to such an extent that it was impossible to empty 
the ladle into the ingot moulds. A heavy rod of cold steel, about 
eight feet long, and two inches in diameter, was then put into 
the ladle, by means of which the steel was cooled down below 
the critical point, whereupon it suddenly became as liquid as 
water and could be easily emptied into the moulds. The ordi- 
nary tests showed that the steel was of the usual good quality, 
but no other tests were made on it to determine whether or not 
this extraordinary heating had had any other effect upon the 
metal. 

I regret to say, that the latest developments and improve- 
ments made in induction furnaces this year in Germany, which 
I expected to lay before the Congress at this time, have been 
delayed in reaching me, but in closing I may add that the 
Roechling-Rodenhauser Induction Furnaces and their improved 
types will shortly be built in sixteen and twenty ton sizes, both 
here and abroad. 





THE USE OF THE BALLISTIC MORTAR FOR DETER- 
MINING THE STRENGTH OF EXPLOSIVES 

Arthur M. Comet and Fletcher B. Holmes 
Chester, Pa. 

While frequent use has been made of the Druckmesser and 
Trauzl Tests in the experimental work carried on at the Eastern 
Laboratory, the Ballistic Pendulum or Mortar test has usually 
been preferred for the determination of the strength of explosives, 
for the reasons given in another paper presented to this Congress. 
In this paper we will describe the test as made at the Eastern 
Laboratory, and will point out certain precautions which must 
be taken to insure accuracy. The test is not new but it appears 
that it has not been widely used in recent years. The mortar 
itself weighs about 475 pounds, and is carried by means of two 
steel rods about 10 feet long, which are supported at the top by 
knife edges to allow the niortar to swing freely. Sketches 1 and 
2 show the dimensions of the mortar and shot. The shot “C” 
is perforated in the line o,f its axis by a hole “D,” just large 
enough to take a fuse. The explosive to be tested is weighed 
out into 10 gram lots, each of which is wrapped in tin foil with a 
cap and fuse. Before a charge is placed in the mortar, the fuse 
is run through the axial perforation in such a way that when the 
shot is slipped into the explosion chamber “A” of the mortar, 
the explosive is in the chamber “B.” 

The end of the fuse projects beyond the outer end of the shot 
to make it possible to light it after the shot is in position. The 
detonation of the explosive throws the shot against a suitable 
barricade, and produces also a recoil of the mortar, the amount 
of which is proportional to the strength of the explosive. The 
recoil is not sensibly affected by variations in quickness, such as 
are encountered in high explosives, bijt appears to depend en- 
tirely upon the pressure exerted by the products of decomposition 
at the moment of explosion. 

It is to be expected from the design of the mortar and shot 
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that both the shot and the walls of the explosion chamber will 
gradually be eroded by the hot gases, and this is found to be the 
case. As this erosion goes on, the recoil of the mortar for a 
given charge of explosive naturally becomes less. A new mortar 
and shot always give higher results, which gradually fall off from 
month to month as the mortar is used. The amount of decrease 
due to this cause will depend upon how much the mortar is used. 
We have noted a decrease with Monobel from 22.60° with a new 
mortar and a tightly fitting shot to 20.70° after five months’ 
use, corresponding to a decrease of about 0.4° per month. It 
should be understood that this gradual decrease in recoil does 
not affect the accuracy of the test for determining comparative 
strength values, but it is evident that a test on an explosive 
whose strength is to be determined must always be accompanied 
by a parallel test on an explosive whose strength is known. 

When this test was first used, there was considerable difficulty 
in obtaining duplicate determinations on the same explosive 
which would agree. A series of five or six shots made one day 
sometimes differed by as much as a degree from shots made on 
the same explosive the previous day. There were several reasons 
for such differences. It was formerly the custom to lubricate the 
walls of the explosion chamber with glycerine before each shot. 
It was later shown that if no glycerine were used, and the test 
were made with both shot and explosion chamber dry, the recoil 
was considerably less. It was also found that when lubrication 
was used, the amount of recoil was affected by the kind of lubri- 
cant employed. If water was used the recoil was increased 
somewhat, though not as much as with glycerine. It appeared 
that the action of the liquid was to prevent to a certain extent 
the escape of gases around the shot, and that the viscosity of the 
liquid used had a marked effect upon the recoil obtained. Any 
change in strength of the lubricant used, due either to dilution or 
to variation in temperature, would accordingly cause inaccuracy 
of the test. For this reason, the practice of using a lubricant was 
discontinued, and shots are always made now with the walls 
of the explosion chamber and the shot perfectly dry. 

It was also found that it was very difficult in many cases to 
clean the explosion chamber thoroughly after each shot. In 
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some cases, the solid residue from the explosive would collect in 
hard masses at the rear of the explosion chamber, and make it 
difficult to push the shot back against the shoulder. Experi- 
ments on the effect of not seating the shot properly demonstrated 
that if the shot failed to reach the shoulder even by a very small 
fraction of an inch, the recoil of the mortar was noticeably lower 
than it should be. Even with the explosion chamber and shot 
cleaned as thoroughly as could be done by careful scraping with 
a knife and thorough washing and drying, results were still 
irregular. The discovery was then made that the recoil produced 
by a given explosive was affected to a marked extent by the 
character of the explosive which had been tested just previously 
in the mortar. For example, the coal mine explosive, Carbonite, 
shot directly after a series of tests with blasting gelatine, gave a 
recoil of 16.66°. When a series of Carbonite shots were made, 
the recoil gradually decreased until it averaged only 15.56°. 
Furthermore, when blasting gelatine was tested directly after 
Carbonite, the values obtained were also decidedly lower than 
those obtained after a number of previous shots with blasting 
gelatine. 

Table I below gives the Mortar recoils obtained in thirteen 
tests on Carbonite. These tests came directly after a series of 
tests on blasting gelatine. 

Table I 

Mortar recoils obtained with Carbonite 

16.65° 

15.90 

16.15 

15.80 

15.75 

15.70 

15.60 

15.40 

15.30 

15.60 

15.70 

15.50 

15.70 
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The first shot, made directly after those on blasting gelatine, is 
hi gh (16.65°), the next four shots average 15.90, while the average 
of the last eight shots is 15.56°, a drop of 1.10° from the highest. 

Table II gives the results obtained in a test in the same powder, 
in which each shot of 10 grams of Carbonite was preceded 
by five shots of blasting gelatine. Only 5 grams of blasting 
g elatin e were used in each shot. The tests were made in the 
order A-l, A-2, A-3, A-4, A-5, Carbonite, B-l, B-2, B-3, B-4, 
B-5, Carbonite, C-l, etc. Each blasting gelatine test recorded 
in column 1 was accordingly preceded by a test on Carbonite, 
while each test in column 5 was preceded by four tests on blasting 
gelatine. 

Table II 


Series 

Blasting Gelatine 

Carbonite 

1 

2 

3 

4 

5 

A 

16.70 

16.95 

16.95 

16.70 

16.75 

16.80 

B 

16.35 

16.70 

16.65 

16.80 

16.65 

16.75 

C 

16.70 

16.70 

16.65 

16.85 

16.75 

16.55 

D 

16.60 

16.65 

16.70 

16.90 

16.75 

16.60 

E 

16.40 

16.85 

16.65 

16.65 

16.75 

16.75 

F 

16.40 

16.70 

17.00 

16.70 

16.85 

16.60 

G 

16.50 

16.60 

16.60 

16.80 

16.85 

16.50 

H 

16.40 

16.50 

16.60 

16.70 

16.95 

16.65 

I 

16.60 

16.75 

16.85 

16.60 

16.80 

16.75 

J 

16.55 

16.75 

16.80 

16.85 

16.85 

16.70 

Average 

16.52 

16.71 

16.74 

16.75 

16.79 

16.66 


It will be seen, first, that the Carbonite tests recorded in Table 
II average as high as the highest test in Table I, and 1.10° higher 
than the average of the last 8 shots in that table, and second, 
that the blasting gelatine tests average lowest when they are 
directly preceded by Carbonite tests, and highest when they 
follow the greatest number of tests on blasting gelatine. 

Several hundred tests were made along these lines on different 
grades of dynamite and gelatine, to determine whether all grades 
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gave results like those obtained with Carbonite. As a result of 
these tests it was found: 

1. That nearly all explosives give high Mortar recoils just after 
the Mortar has been used for blasting gelatine, and low and 
rather irregular recoils when the tests follow shots with explosives 
other than blasting gelatine. 

2. That the low-grade nitroglycerine dynamites exhibit this 
behavior to a greater extent than the high-grade dynamites, and 
furthermore that explosives with a high deficiency of oxygen, 
like Carbonate, are more affected than those which are evenly 
balanced in oxygen. 

It seemed from this that those explosives which left the largest 
amount of solid residue in the Mortar were the ones which had 
the greatest effect on tests made afterwards. The residue left 
in the explosion chamber was quite noticeable, and was appre- 
ciably greater in the low-grade explosives, and in those which 
had a high oxygen deficiency. Blasting gelatine, on the other 
hand, as would be expected, left practically no residue. It 
therefore appeared that the decrease in recoil in these cases was 
due to the effect of the solid residue left by the explosive tested 
just previously, and that the high recoils obtained just after 
blasting gelatine had been tested, were due to the facts, (1) that 
blasting gelatine leaves no residue, and (2) that the blasting 
gelatine tests clean out the walls of the explosion chamber more 
effectively than can be done by mechanical means. To confirm 
this assumption, a long series of tests were made on Monobel, 
which also should leave very little residue. In this case there 
was no decrease in recoil with succeeding shots, and the results 
at the end of the series were fully as high as those at the begin- 
ning. This effect of the residue from one test, on the recoil pro- 
duced in succeeding tests, was undoubtedly responsible to a 
great extent for the^irregular results formerly obtained with the 
Ballistic Mortar. 

It appeared that it should be possible to obtain uniform results 
by firing enough shots of blasting gelatine before every shot with 
the explosive which is being tested to thoroughly clean the 
explosion chamber of all residues from previous shots, thus 
always leaving the bore in the same condition. It was found 
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that this could be accomplished by making two shots of blasting 
gelatine before every shot of the explosive being tested. This 
practice has accordingly been adopted. 

The present procedure in making the test is therefore as fol- 
lows: If an explosive is to be compared with a standard 40 % 
dynamite, 10 samples of the explosive of 10 grams each are 
wrapped in tinfoil, with a cap and fuse, also 10 samples of the 
same weight of standard 40% dynamite. A number of blasting 
gelatine shots are also prepared. These are not weighed, but 
consist of a small piece of blasting gelatine weighing approxi- 
mately 5 grams. In making the test, two shots of blasting gela- 
tine are first made without measuring the recoil. A shot of the 
explosive whose strength is being determined is then made, and 
the recoil measured. This is followed by two blasting gelatine 
shots, then by a shot with standard 40% dynamite. Then two 
blasting gelatine shots are made, another shot of the explosive 
which is being tested, etc. 

Tested in this way, explosives which are nearly evenly bal- 
anced in oxygen, or which have a slight deficiency of oxygen, 
give results which check rather more closely than explosives 
which have more than enough oxygen for complete combustion. 
In the former case, the extreme variation among 10 successive 
tests on the same explosive will be from 0.15° to 0.30°, while in 
the latter case it may at times run as high as 0.4° or occasionally 
even 0.5°. As we have shown in another paper presented to the 
Congress, this variation is less than that usually obtained in 
the Trauzl test, and is much less than that given by the Druck- 
messer test. 

On account of the erosion of the shot and of the walls of the 
explosion chamber, the recoil given by any explosive gradually 
decreases from month to month as the Mortar is used. It is 
necessary to bear this fact in mind if accurate conclusions are to 
be drawn from the Mortar tests. To avoid errors which might 
arise from the use of values previously obtained for standard 
explosives, it is our custom always to t^est the standard at the 
same time that an explosive of unknown strength is being tested. 
We have ordinarily used as standards the various grades of 
nitroglycerine dynamite, since it is convenient to express the 
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strength of a new explosive in terms of these well known grades. 
It is also possible to use a single standard explosive and to deter- 
mine the relative strengths of this explosive and the explosive 
which is being tested. We find trinitrotoluol a convenient 
explosive for this purpose. The method is to test 10 grams of the 
explosive whose strength is being determined against different 
weights of trinitrotoluol until a weight of the latter is found 
which gives the same recoil as 10 grams of the former. If this 
weight is 7.5 grams, the new explosive is 0.75 as strong as trini- 
trotoluol. 

The Ballistic Mortar is in constant use at the Eastern Labora- 
tory, averaging possibly a hundred tests a day. Used carefully, 
with the precautions described above, we find it by far the most 
satisfactory of the tests proposed for the determination of the 
strength of explosives. 





METHODS FOR THE DETERMINATION OF THE EF- 
FECTIVE STRENGTH OF HIGH EXPLOSIVES 


Arthur M. Coney and Fletcher B. Holmes 
Chester, Pa . 

The question of the determination of the effective strength of 
high explosives is more important now than it has been at any 
time in the past, because of the many different kinds and grades 
of explosives now on the market. In America the multiplica- 
tion of grades has probably gone on even more rapidly than in 
Europe. One company sells at the present time about one hun- 
dred and twenty-five different grades of dynamite, each of which 
offers a particular combination of physical and chemical proper- 
ties which adapts it, more than any other grade, to a particular 
kind of work. The proper grading of these dynamites requires 
a careful study of the tests available for the purpose. 

The power of an explosive to move rock depends on two facts: 
first, that a very small volume of the solid or liquid explosive 
forms a very large volume of gas, and second, that this change 
from a small to a large volume takes place in an exceedingly 
short interval of time. Explosives differ both in the volume of gas 
formed when detonation takes place, and in the time required 
for the change from the solid or liquid to the gaseous state, and 
both factors have their effect on the power of the explosive to 
move rock. For this reason it has been held by some that the 
best test to determine the power of an explosive is one the results 
of which are affected by both these factors, since a test of this 
kind will present conditions which approach those which obtain 
in the actual use of the explosive. But the difficulty is that 
while a test of this kind may subject the explosive to conditions 
which are more or less like those which would be found in one 
type of work, another work which the explosive will be required 
to do may be entirely different. For example, when rocks too 
large to handle are thrown out in a blast, it is the custom in some 
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quarries to break them up by means of a few sticks of dynamite 
simply laid on top of the rock and covered with a shovelful of 
mud. It is perfectly evident that no explosive will do this work, 
however large a volume of gas it generates, unless it is at the same 
time very quick. For heaving out coal, on the other hand, 
where it is desired to bring it out in large lumps, with the explo- 
sive strongly confined in a borehole, a very slow dynamite is 
required, and one which is very quick is not at all satisfactory. 
With a test which is affected both by the volume of gas formed 
at the moment of detonation and by the quickness with which 
the explosive reaction takes place, it is impossible to judge how 
much of the effect is due to one factor and how much to the other. 
Admitting that the fitness of a given explosive for any given work 
depends upon the combined qualities of strength (used here in 
the sense of the pressure generated in a given volume by a given 
amount of explosive at the moment of detonation) and quickness, 
it must be agreed that a test which is affected by variations in 
both strength and quickness is of little value in judging an explo- 
sive of unknown power, but that the most valuable tests are those 
which show, as nearly as possible, only one quality, i. e., either 
strength alone or quickness alone. 

The earliest test for quickness used at the Eastern Laboratory 
was the well known lead block compression test. In this test as 
first applied at the Laboratory, two lead cylinders 11" in diameter 
by 11" high were set one upon the other on a steel plate. The 
upper cylinder was capped by a steel disk of the same diameter 
and 1" thick. On this steel disk were placed 100 grams of the 
dynamite to be tested, contained in a paper shell of the same 
diameter as the lead cylinder, and the dynamite was fired by 
means of a cap and fuse without other confinement than that 
offered by the paper shell. In recent tests we have used a single 
lead block 11" in diameter by 21" high, instead of two blocks 
each 1J" x 11" high. 

It is of course apparent that, theoretically, this test cannot 
be entirely unaffected by the strength of the explosive. Prac- 
tically, however, we have found that the strength of the explosive 
is of little moment in determining the amount of compression 
of the lead cylinder under the conditions of the test. The com- 
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pression appears to depend almost entirely upon the quickness of 
the explosive. This is well illustrated by the behavior of certain 
gelatine dynamites in the test. Gelatine dynamite is made in 
grades from 35% to 80% strength. These gelatine powders 
contain, besides the gelatinized nitroglycerine, mainly sodium 
nitrate and wood pulp. They increase regularly in strength with 
increasing nitroglycerine content, as can be shown by any of 
the tests ordinarily used for determining the strength of explo- 
sives. All of them, however, from the lowest to highest grade, 
give practically identical lead block tests. This fact in itself 
is sufficient to show conclusively that the lead block compression 
test shows the quickness of an explosive alone and is not notice- 
ably affected by the strength of the explosive. The lead block 
tests on these powders have been confirmed by actual determina- 
tions of velocity of detonation, and it has been found that they 
all have practically the same velocity. Even blasting gelatine, 
which is immensely stronger than the low grade gelatine pow- 
ders mentioned above, will sometimes give a lead block compres- 
sion no greater than that given by the latter, and in such cases a 
velocity of detonation test will show that the blasting gelatine 
has a low velocity. 

We found another illustration of the significance of the lead 
block compression test with nitroglycerine. Several years ago, 
before we were equipped to make velocity of detonation deter- 
minations, we made a series of lead block tests on nitroglycerine 
using detonators containing 0.8 gram of 90-10 fulminate-chlorate 
mixture, and obtained very erratic results. In some shots, the 
blocks were broken to pieces, while at other times they were only 
very slightly compressed. With larger caps, even up to 3 grams 
of fulminate, the results were much the same, indicating either 
that the test was unreliable or that nitroglycerine was erratic 
in its detonation. When the Bichel apparatus for the determina- 
tion of velocity of detonation was installed, results were obtained 
which confirmed the lead block compression tests, as shown in 
the table below. 
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TABLE I 

Velocity of Detonation of Nitroglycerine Determined in Tubes 10 
Feet Long by the Bichel Method 


Weight of Detonator Charge 

Diameter of Tube 
Containing 
Nitroglycerine 

l 

Velocity of Detona- 
tion Meters per 
Second 



2412 

0.8 gram 

1$ inches 

1627 



3846 



2293 



1539 



6783 

1.5 grams 

1 inch 

7877 



1463 



8410 

1.5 grams 

1| inches 

8527 



1288 


The low velocities (1288 to 2112) correspond to the poor lead 
block compression tests, and the high velocities (6783 to 8527) 
to the tests in which the blocks were strongly compressed and 
broken. 

It was later found that good lead block tests could always be 
obtained if the nitroglycerine was detonated by a special deto- 
nator, much more powerful than any of those previously used. 
When velocity tests were made by the Bichel method, detonating 
the nitroglycerine by means of the special detonator, results were 
obtained as follows: — 


Shot No. 1 7129 meters per second 

Shot No. 2 7603 meters per second 

Shot No. 3 6675 meters per second 

Shot No. 4 7528 meters per second 
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There is no question that for a simple and approximate test 
for the quickness of an explosive, the lead block test is useful. 
There is one fact, however, which must not be overlooked, and 
that is that when dynamite is detonated by means of a cap the 
detonation does not always start at the rate which it finally 
attains. Many cases have been found in which the first few 
inches of a column of explosive detonate with a low velocity, the 
velocity gradually increasing until it reaches a maximum after 
a certain length of column has detonated. In a case like this, 
the lead block test will give an indication of the rate at which the 
explosive detonates through the first inch or two of the column, 
but gives no clue as to the velocity which will be attained in a 
longer column. This fact deprives the test of much of the value 
which it would otherwise have. 

The lead block test is not at present so essential as it was some 
years ago, since we now have methods by which we can measure 
directly the velocity of detonation of an explosive, either by the 
method of Bichel, or by the newer and in many respects more 
convenient method of Dautriche. Both of these methods we 
have found quite accurate and exceedingly useful. With explo- 
sives which have a velocity of detonation very much higher than 
that of the detonating fuse, the Dautriche test is apt to give 
erratic results, some records being obtained which indicate for 
the explosive which is being tested a velocity which is probably 
much higher than the truth. We have found that when testing 
explosives of this kind, it is entirely possible that the detonating 
wave may jump through the air from the explosive to the fuse, 
reaching the latter at a point some distance from the cap, and 
thereby causing erratic results. Results of this kind have been 
obtained with explosives having a velocity of 7000 or more meters 
per second. With explosives of lower velocity, no such difficul- 
ties are encountered, and very concordant and satisfactory 
results are obtained. Since there are very few explosives in 
common use which have a velocity of detonation much higher 
than that of the detonating fuse, the question of the jumping 
of the detonating wave through space is not very serious, and does 
not detract greatly from the value of the test. 

For the determination of strength, several different tests have 
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been proposed and used. The old mortar test was carried out 
by throwing a shot from a* stationary steel mortar, set at an 
angle of 45°, using a fixed amount of dynamite, and measuring the 
distance to which the shot was thrown. Another test is the 
Trauzl Block Test, which is used much more on the Continent 
than in America. The Druckmesser Test, more recently devel- 
oped by Dr. Bichel, is used in several places in Europe and in at 
least two places in the United States — at the Government Testing 
Station at Pittsburgh, and at the Eastern Laboratory of the E. 
I. du Pont de Nemours Powder Company. These tests are so 
well known that we do not need to describe them here. Another 
test which has been much used at the Eastern Laboratory is 
the Ballistic Pendulum Test. This test employs a steel mortar 
weighing about 450 pounds, with a bore 41" in diameter and 5" 
deep, and a chamber behind 2" in diameter by 4" deep. A 
cylindrical shot weighing about 36 pounds fits the mortar closely, 
and has a hold running lengthwise through its center just large 
enough to admit a fuse. Ten grams of dynamite are used in the 
test. The shot is projected against a suitable barricade and the 
recoil of the mortar is measured by an indicator on the arc of 
the circle, and is taken as a measure of the strength of the dyna- 
mite. The form and dimensions of the mortar and shot are 
shown in the accompanying Sketch I. 

The only one of the above tests which gives results which can 
be translated directly into actual pressures is the Druckmesser 
Test, and for this reason the equipment for the latter tost is 
essential to a laboratory devoted to the examination of explo- 
sives. For constant routine tests, however, it is not necessary 
that actual pressure figures be obtained each time; it is sufficient 
to compare the explosive in question with well known standards, 
and for this purpose it is possible to use a test which is less cum- 
bersome than the Druckmesser Test, and which can be carried 
out in much shorter time. By means of the standard, which has 
already been tested in the Druckmesser, results of other compara- 
tive tests can always be translated into pressures, if so desired. 

In America all dynamites contain active dopes. The so-called 
"straight" dynamites consist essentially of nitroglycerine ab- 
sorbed in a mixture of sodium nitrate and wood pulp in such pro- 
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portions as to contain just about enough oxygen for complete 
combustion. These grades vary in nitroglycerine content from 
75% to 20%, and even lower. Gelatine dynamites, low-freezing 
dynamites, etc., are similarly graded from strong to weak. In 
using tests which give comparative but not absolute results, we 
shoot a known standard alternately with the explosive which is 
being tested. As the standard we may use blasting gelatine, 
or trinitrotoluol, determining the number of grams of the stand- 
ard equivalent to 10 grams of the explosive, or we may use the 
standard nitroglycerine grades, determining what grade is nearest 
equivalent to the exlposive which is being tested. 

To be of greatest value for practical purposes, a test for strength 
must conform to three requirements: — 

1. It must give uniform and exact results. 

2. It must give a measure of strength without being affected 

by any other quality of the explosive. 

3. It is of advantage to have a test which can be operated as 

expeditiously as may be, and at small expense. 

The extent to which uniform results can be obtained from the 
Druckmesser, Trauzl, and Ballistic Mortar Tests may be illus- 
trated by the following Tables Nos. II, III, and IV. The figures 
given in these tables are taken from actual determinations made 
at the Eastern Laboratory, and are representative of the land 
of results which we are able to obtain in using the tests. 

The Druckmesser results in Table II are not very satisfactory. 
It will be seen that in many cases the pressures obtained in the 
15 liter chamber with small cooling surface were lower than those 
obtained in a chamber of the same volume with larger cooling 
surface. Various methods were used for determining the pres- 
sures from the indicator curves obtained, from extending the 
top line from the point where it becomes straight back to the 
origin of the curve, to a mathematical calculation of the position 
the top line would occupy at its highest point, based on the 
position of succeeding lines. Results obtained by the different 
methods varied somewhat, but not nearly enough to account in 
any way for the differences shown in Table II. There have been 
a number of other cases where the amount of cooling surface has 
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had no apparent effect, although with most explosives the pres- 
sure diminishes quite regularly with increasing cooling surface. 
It is unquestionably necessary to make a large number of dupli- 
cate determinations in order to obtain reliable figures and even 
then the results are only approximate. 


TABLE III 
Traud Block Test 
10 Grams Trinitrotoluol 


Test Number 

1 

2 

3 

4 

5 


243.9 

251.1 

245.8 

243.9 

246.8 


249.4 

255.8 

249.6 1 

244.5 

245.8 

Expansions in cc 

241. G 

251.4 

251.1 

243.5 

252.6 


241.2 

255. G 

255.8 j 

243.9 

253.2 


247.7 


251.4 

241. G 

254.2 




255.6 



Average expansions in cc 

244.8 

253.5 

251.5 

243.5 

250.5 

Difference between extremes in cc.. 

8.2 

4.7 

6.2 

2.9 

8 4 

Percentage difference, based on aver- 






age expansion 

3.3 

1.9 

2.5 

1.2 

3.4 


TABLE IV 
Ballistic Mortar Test 
10 Grams Trinitrotoluol 


Test Number 

i 

2 

3 

4 


18.80 

IS. 85 

19.05 

18.85 


18.85 

18.95 

19.10 

19.10 


18.85 

18.75 

19.00 

19.10 


18.55 

18.05 

19.00 

19.00 

Mortar Recoils— Degrees 

18.75 

18.95 

19.00 

18 65 

18. G5 

18.85 

19.05 

19.15 


18. G5 

18.75 

19.15 

19.10 


18. G5 

18.05 

19.05 

19.15 

Average Recoil — Degrees 

18.72 

18.80 

19.05 

19.01 

Difference between extremes — degrees 

.30 

.30 

.15 

.50 

Percentage difference based on average recoil 

1.6 

i.o 

0.8 

2.6 


In the Trauzl and Mortar Tests, Tables III and IV, the check 
between duplicate shots is better. The five series of Trauzl Tests 
were made on different days with blocks from different melts of 
lead. This accounts for the variation among the averages. The 
four series of mortar tests were also made on different days. 

In a comparison of this kind, it cannot be assumed that because 
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the percentage variation in one test is greater than in another 
the first test is necessarily less accurate than the other, without 
considering at the same time the relation of these variations to 
differences in stength which it may be desired to determine, for 
the reason that a given difference in strength, represented, for 
example, by an increase from 9 to 10 grams of blasting gelatine, 
may increase the results obtained in one test more than in an- 
other. A difference of this sort is possible because the results 
of the tests are empirical and not absolute. To illustrate this, 
we give in Table V the Trauzl expansions and Ballistic Mortar 
recoils for different weights of blasting gelatine, varying from 
four to seven and a half grams. 

The percentage increase in Trauzl expansion with an increase 
of a half gram in the weight of the charge is about twice the per- 
centage increase in Ballistic Mortar recoil, indicating that if the 
percentage variation between checking determinations in the 
Trauzl Test is twice as great as the percentage variation in the 
Ballistic Mortar Test, the two tests will be about equal in accu- 
racy. Turning again to Tables III and IV, the average extreme 
variation in the Trauzl Test is 2.5%, against 1.6% for the Mortar 
Test. In these special cases, then, the two tests were of nearly 
equal accuracy with respect to checks between duplicate deter- 
minations. 

The figures in Table VI will serve to illustrate still further the 
relative significance of the variations between duplicate deter- 
minations which are ordinarily encountered in the prosecution 
of the tests. This table gives the results of Druckmesser, Trauzl, 
and Mortar Tests on dynamite grades containing 10, 20, 30, 
40, 50, and 60 per cent nitroglycerine, together with the relation 
between (1) the maximum variation among duplicate determi- 
nations in each grade and (2) the difference between that grade 
and the next succeeding grade. 

The average extreme variation in the shots, expressed as 
percentages on the figures obtained in the three tests, are as 


follows: 

Druckmesser Test 6.9 

Trauzl Test 6.4 

Ballistic Mortar Test 1-9 


TABLE V 
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The average “ ratio of extreme variation to increase with 10% 
more nitroglycerine” amounts to: 


Druckmesser Test 69 

Trauzl Test 31 

Ballistic Mortar Test 26 


Taking either set of figures, the checks obtained between dupli- 
cate tests in the Mortar are therefore better than those obtained 
in either the Druckmesser or Trauzl tests. 

The next point is the question as to whether any of the tests 
are affected by other qualities than strength. We have found 
that certain types of explosives, especially those which contain 
a large amount of ammonium nitrate, shoot proportionately 
lower in the Trauzl Block than in the Druckmesser or the Ballis- 
tic Mortar. Take, for example, the results obtained on a nitrate 
of ammonia explosive, containing 80% ammonium nitrate, as 
compared with 60% nitroglycerine dynamite and trinitrotoluol. 
The figures are given in Table VII. 

TABLE VII 


EXPLOSIVE 

Ballistic Mortar 
Recoil given 
by 10 grams of 
explosive — 
Degrees 

Druckmesser 
pressure pro- 
duced by 100 
grams explosive 
in 15 liter cham- 
ber — Kg. per 
sq. om. 

Trauzl Block 
Expansion pro- 
duced by 10 
grams explo- 
sive — cc. 

Trinitrotoluol 

18.80 

38.7 

242.5 

60% Nitroglycerine 




Dynamite 

19.90 

45.6 

290.1 

80% Nitrate of Am- 




monia Explosive . . . 

20.64 

52.7 

227.2 


The Mortar and Druckmesser tests agree in the order of rating 
of the three explosives, showing trinitrotoluol to be the weakest 
and the nitrate of ammonia explosive the strongest. In the 
Trauzl Test, however, the last named explosive shoots much lower 
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than 60% dynamite and lower even than trinitrotoluol. The 
Trauzl Test rating of the 80% nitrate of ammonia explosive cor- 
responds with that of a 40% nitroglycerine dynamite. This 
nitrate of ammonia explosive, however, has been used in quarry 
work in competition with the nitroglycerine grades, and has been 
found to be stronger than 60% dynamite. The expansion given 
thereby in the Trauzl Test is accordingly not a true measure of 
the strength of the explosive. To obtain further information on 
this point, two ammonium nitrate explosives were made, on the 
same formula, except that in one the ammonium nitrate used 
was the standard product regularly used in explosives, while the 
ammonium nitrate used in the other had been ground and was 
much finer than the regular product. The two explosives were 
tested in the Ballistic Mortar, the Druckmesser, and the Trauzl 
Block, with results as follows : — 



No. 1 
Standard 

Ammonium Nitrate 

No. 2 

Finely Ground 
Ammonium Nitrate 

Ballistic Mortar — Recoil in 
degrees 

20.64 

20.79 

Druckmesser — Pressure Kg. 
per sq. cm 

52.7 

50.0 

Trauzl Block — Expansion in 
cc 

227.2 

293.4 


In the Mortar and Druckmesser Tests, the two explosives shot 
practically equal, but in the Trauzl Test No. 2, made with finely 
ground ammonium nitrate, gave an expansion 66.2 cc., or 29% 
greater than No. 1, made with standard ammonium nitrate. 
The Trauzl expansion of No. 1 corresponds to that of a 40% nitro- 
glycerine dynamite, while No. 2 gives an expansion greater than 
of that a 60% nitroglycerine dynamite. The Mortar and Druck- 
messer tests rate both explosives as stronger than 60% nitroglyce- 
rine dynamite. The two explosives did not differ greatly in velocity 
of detonation. No. 1 had a velocity of 3600 meters per second, 
while the velocity of No. 2, made with very fine ammonia, was 
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3960 meters per second. We have found however, as stated 
earlier in this paper, that the velocity of that portion of a column 
of dynamite which is close to the detonator is not always the 
same as the velocity of the remainder of the column, and it was 
believed that this was true in the case of these two explosives. 
To obtain evidence on this point, 10 gram samples of each were 
packed into cartridges f " in diameter, primed with a detonator, 
and shot in contact with a lead plate 4 inches square and 1 inch 
thick. Each detonation made a regular, concave depression in 
the lead, similar in form for the two explosives, but very different 
in diameter and depth. The depression made by explosive No. 
2, in which fine ammonia was used, had a capacity (measured 
with water) more than twice as great as that made by No. 1, 
showing that in an amount as small as 10 grams, the weight used 
in the Trauzl test, the two explosives were very different as re- 
gards quickness. The difference betw r een the Trauzl tests given 
by the two -was therefore undoubtedly due to this difference in 
quickness. This is one illustration of a fact which we have found 
to be generally true, that the Druckmesser and Nallistic Mortar 
tests show strength alone, but that the Truazl test is affected by 
quickness as well as strength, and that for that reason it cannot 
be used for comparing the strengths of explosives which differ 
in velocity of detonation. This fact makes it impossible to em- 
ploy the Trauzl Test for general comparisons of different types 
of explosives, and greatly limits its usefulness. 

The third point is the question of the cost of the tests, and the 
speed with which they can be made. With a crew of two men, 
twelve or fifteen shots can be made in the Druckmesser in a day, 
or about seven shots per man. To test one explosive with three 
different Druckmesser surfaces, making five checking shots 
with each, a total of fifteen shots, it accordingly requires a full 
day. One man can make thirty Trauzl tests in a day, weighing 
out his shots and measuring the expansions. With two molds, 
two men can cast thirty blocks in a day, just about keeping pace 
with the tests. Including casting the blocks and making the shots, 
we therefore make about ten Trauzl tests per man per day. In 
the Ballistic Mortar, three men can make about one hundred and 
fifty shots in a day. We find it necessary, however, to make 
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two shots with blasting gelatine before every shot of the explosive 
which is being tested, to keep the bore of the mortar uniformly 
clear of solid residue, and to obtain closely checking results, so 
only about fifty shots of the explosives tested can be made per 
day, or about sixteen shots per man. All three tests are rather 
expensive, if properly carried out, but it will appear from these 
figures that the Mortar Test is the least expensive of the three. 

To recapitulate briefly: — 

We believe that the best tests for explosives are those which 
show one quality alone, without being materially affected by 
variation in other qualities, and we accordingly require quickness 
or velocity of detonation tests which are unaffected by strength, 
and strength tests which are independent of quickness. 

For quickness or velocity of detonation, we find the Lead Block 
Compression Test useful as an approximate test, but of limited 
value, first, because it does not give definite figures, and second, 
because of the fact that the velocity of detonation of the first 
few inches of a column of explosive, which is all that the Lead 
Block Test shows, is not always the same as the velocity of the 
explosive farther along in the column. The Bichel Test and the 
Dautriche Test for velocity of detonation are both very satis- 
factory. 

Three tests for strength have been used at the Eastern Labora- 
tory: the Druckmesser Test, the Trauzl Block Test, and the 
Ballistic Mortar Test. Of these the Druckmesser Test is the 
only one by which the actual pressure developed by the deto- 
nation of an explosive can be determined directly, and for this 
reason the test is very valuable, in spite of the fact that it is 
expensive, and that duplicate determinations do not agree as 
well as in the other two tests. 

The variation among duplicate shots is rather less in the Mortar 
Test than in the Trauzl Test, and the Mortar Test is the more 
convenient and rapid of the two. For these reasons, the Mortar 
Test would be preferred if the two tests were otherwise equal. 
The Trauzl Test has, however, the added disadvantage that with 
explosives of different types it does not show relative strength, 
but the results obtained are affected by the quickness of the 
explosive tested. For this reason especially, the Trauzl Test 
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is used very little at the Eastern Laboratory at present. The 
Ballistic Mortar Test, which does not have this disadvantage, 
has been carefully standardized at the Eastern Laboratory, and 
in its improved form, which is described in a separate paper be- 
fore this Congress, is used almost exclusively for the rapid deter- 
mination of the strength of explosives. 



( Abstract ) 


THE HYDRONITRIDES 

A. L. Kibler 
Washington , D. C. 

The chemists of the United States have devoted comparatively 
little attention to the remarkable physical and chemical prop- 
erties of the hydronitrides. L. M. Dennis of Cornell University 
made some valuable additions to our knowledge of the character 
and chemistry of hydronitric acid, but no one has investigated 
the explosive properties of the salts of this acid with the idea of 
utilizing them in a practical way. The experiments of Wohler, 
Will, Lenze and others in Germany have demonstrated their 
superiority over mercury fulminate and the possibility of their 
substitution, in whole or in part, for the latter substance, result- 
ing in greater economy and a more complete utilization of the 
powder charge. There still remains much work to be done on 
this line, however, before the hydronitrides can find extensive 
practical application and it is with the hope of directing the atten- 
tion of the research chemists of this country to this line of inves- 
tigation that this paper is presented. 

It was my good fortune years two ago to spend a Semester at 
the Karlsruhe Technische Hochschule in Germany, where I 
devoted the largest part of my time to a study of the hydro- 
nitrides under the able direction of Dr. L. Wohler, one of the 
foremost German investigators in this line of chemistry. Dr. 
Wohler has published some of the results of this work under the 
caption “Uberlnitialzundung” in the Zeitschrift fur angewandte 
Chemie, Vol. 44j P* 2089, 1911, but some details and results not 
published will be of interest to chemists engaged in this line of 
work. 

The hydronitrides may be easily prepared by digesting a 
solution of sodium hydronitride with a solution of a soluble 
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salt of the metal whose hydronitride is desired. The salt falls 
out in the form of fine crystals which may be filtered with suc- 
tion, washed with alcohol and ether and dried in a vacuum desic- 
cator. Sodium hydronitride can hardly be termed an explosive 
body and may be handled without precaution but the salts of 
all the heavy metals must be handled with the greatest care. 
The formation of large crystals should be avoided as severe 
accidents have resulted from the spontaneous explosion of large 
sized crystals even under water. The small crystals precipitated 
from concentrated solution may be handled with comparative 
safety but the operator should always be protected from acci- 
dental explosions. 

Tests for the sensitiveness of these substances were carried 
out by the following methods: 

1. Sensitiveness to blow was determined by the use of a fall- 
hammer constructed for the purpose by Wohler and Matter. 
The hammer carried a weight of 500 grams and could be dropped 
from a height of 300 mm. perpendicular distance. The shock 
was transmitted to 0.05 gm. of the explosive to be tested contained 
in a small copper cap and compressed with a definite pressure, 
through a long plunger which fitted snugly in a guide hole. 
The plungers were of hardened steel and were beveled off at the 
end to a diameter of about 1.5 mm. It is very important for 
comparative tests that these ends be carefully ground and of 
equal size, and they must be examined with a magnifying glass 
after each experiment to see that no cracks or rough places have 
developed. The accuracy of these tests depends entirely upon 
these precautions. With proper care the fall which causes a 
detonation may be determined within 5 mm. With the most 
brisant of explosives the plunger is so much injured by the 
explosion that it must be changed after each test and the cap 
contai nin g the sample is completely shattered. Of course this 
extreme brisance would prevent the use of these bodies in guns 
without admixtures or other device. 

2. Sensitiveness to heat was determined by placing a small 
quantity of the explosive to be tested within a large copper 
cartridge fixed in a board and plugged loosely with a piece of 
raw cotton. The cartridge was immersed for a definite length of 
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time (5 sec.) in a bath of soft bismuth metal held at a constant 
temperature. Should no explosion occur the sample was thrown 
out, the cartridge cooled and the experiment repeated after 
raising the temperature of the bath 5°. Care is taken to adjust 
the length of the cartridge projecting below the wood that it dip 
within the bath to the same distance as the thermometer bulb. 
The point of explosion may be determined with accuracy within 
5°. This test is comparative and its success depends upon the 
accuracy with which the duration of the immersion is timed. 

3. Brisance was determined by using varying amounts of the 
explosive to be tested as a primer on a fixed amount of a standard 
explosive, such as trinitrotoluene. The smallest quantity com- 
pletely detonating the main charge was noted. The main charge 
of 0.5 gm. was first loaded in a copper cartridge of appropriate 
size and pressed down with a definite pressure — usually 500 
gms. A few grains which had been kept out at first were then 
dropped in and the priming charge added. A small perforated 
cap was then dropped into the cartridge and pressure again 
applied. The cartridge so prepared was fitted with a fuse and 
fixed, by means of an iron contrivance, in an upright position on 
a square block of lead about 3 mm. in thickness. The nature 
of the resulting explosion may be very accurately determined 
by the character of the markings left on the lead plate. 

The following results obtained by the above described methods 
are interesting. 

With the fall-hammer the following substances detonated at 
the heights designated: 


Mercury fulminate 

Silver fulminate 

Sodium fulminate 

Nitrogen tetrasulphide 
Diazobenzene nitrate . 
Lead hydronitride .... 
Cupric Hydronitride . . 
Cuprous Hydronitride. 
Sodium Hydronitride . 


75mm. 

.... 135 “ 

300 “ (120 g. extra wt.) 

.... 45 “ 

.... 50 “ 

.... 225 “ 

.... 110 “ 

.... 260 “ 

not at 300 with 320 gms. extra wt. 
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The sensitiveness of the hydronitricles particularly varies between 
large limits with different sized crystals. The larger the crystal 
the more sensitive the substance. As already mentioned large 
crystals may detonate spontaneously. The above figures were 
obtained by using the smallest crystals, precipitated from con- 
centrated solutions. Under these conditions the hydronitrides 
are shown to be far less sensitive to shock and blow than the 
fulminates. 

In the priming tests the following interesting results were 
obtained using 0.5 gm. trinitrotoluene as the main charge. To 
completely detonate this required: 

0.25gm. Mercury fulminate 
0.20 “ Silver 
0.03 “ Lead Hydronitride 
0.02 “ Silver 

0.02 “ Mercury fulminate with 0.01 gm. PbN e 
0.05 tc NiS 4 with 0.04 gm. PbN 6 superimposed. 

Nitrogen tetrasulphide alone has small initial velocity and does 
not detonate on ignition. If this initial velocity is raised by the 
addition of even a trace of hydronitride it becomes highly brisant. 
It appears from the above results that the hydronitrides are 
from 8 to 10 times more powerful than the fulminates as priming 
agents. This difference is due to the comparatively small ini- 
tial velocity of the fulminates which, however, may be so increased 
by a trace of a hydronitride (0.01 gm. or even less) to act as ini- 
tial primer that it becomes even more powerful than the hydro- 
nitrides themselves. 


(Abstract) 


THE SYNTHESIS OF MERCURY FULMINATE FROM 
PROPYL ALCOHOL 

A. L. Kibler 
Washington, D. (7. 

The following paper is drawn from the experimental part of a 
Doctor’s thesis prepared under the direction of Dr. Chas. E. 
Munroe of the George Washington University. The work was 
undertaken with a view to obtaining some new data which might 
throw additional light on the constitution of the fulminie acid 
molecule or on the process by which the fulminates are produced. 
It is well known that the substitution of acetaldehyde for ethyl 
alcohol in the fulminate process gives a much smoother reaction 
and a better yield of fulminate and this fact has been cited as 
proof that aldehyde is the first step in the transformation of 
alcohol into fulminie acid. Notwithstanding some discourag- 
ing and negative results obtained by well known chemists in 
this field it was proposed to make a close study of the reactions 
and resulting products obtained by introducing polycarbon 
compounds into the fulminate process in place of the usual ethyl 
alcohol. Since aldehyde seems to be a step in the process par- 
ticular attention was to be paid to the behavior of the higher 
aldehydes. If the alcohols and aldehydes of higher carbon con- 
tent should produce bodies which could be considered as sub- 
stituted fulminates or as related to the fulminates, then the 
analysis and composition of these bodies would give valuable in- 
formation on the constitution of the fulminates themselves, while, 
on the other hand, if these substances should yield true fulminates 
some light might be thrown on the so-called “fulminate process.” 
Accordingly the experiments described below were undertaken. 

I had at my disposal, in addition to the ordinary methyl and 
ethyl alcohols, amyl alcohol, isobutyl alcohol and normal propyl 
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alcohol, in addition to which acetone was also used. Aldehydes 
were prepared from ethyl and propyl alcohols. 

In no case in which one of the abo^e mentioned polycarbon 
compounds was substituted in the fulminate process and the 
reaction was allowed to continue according to the usual method 
were compounds at all analogous to the fulminates obtained. 
Some compound was indeed usually obtained but examination 
under the microscope almost invariably showed the presence of 
considerable quantities of metallic mercury and, where this was 
not revealed by the microscope, there was no certainty that 
metallic mercury was not present in small quantities, being 
enclosed in the amorphous granules. Furthermore the com- 
pound is very unstable and the amount of metallic mercury 
present in it increases steadily on standing. On this account all 
attempts at identification have thus far proved fruitless. L. 
Wohler, whose well known molecular weight determination on 
sodium fulminate has furnished the final proof of the monocarbon 
constitution of fulminic acid, considered these bodies oxalates 
but I was not able to identify them as such. 

In the course of experiments with acetone, amyl alcohol, 
isobutyl alcohol, propyl alcohol and propaldebyde the following 
significant observations were made: 

1. The end product was in every case identical so far as their 
properties could be tested. All were composed of round or oval 
amorphous granules, yellowish in color and mixed with more or 
less metallic mercury. Dried and burned on filter paper they 
burned slowly with faint scintillating sparks. 

2. The nature of the precipitate changed on the addition of 
water at the end of the reaction, becoming gummy, yellowish 
gray in color, and disengaging gas which sometimes was evolved 
so rapidly as to bring the heavy precipitate to the surface. 
When first precipitated from the liquid in violent reaction it was 
apparently of a heavy, granular nature and white in color. On 
standing, or even when the reaction was allowed to proceed to its 
end, the nature of this precipitate changed, accompanied by 
evolution of gas from the crystals themselves. 

Encouraged by these results and others pointing to the same 
conclusion I made the following experiments using propyl 
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alcohol which seemed best suited for my purpose. In order that 
the various phases of the reaction might be observed more closely 
the mercuric nitrate solution was poured into the alcohol con- 
tained in a 500 c.c. graduate. When the maximum of precip- 
itation had occurred the contents of the graduate while still in 
violent reaction were poured quickly into a porous alundum 
crucible and immediately sucked through with strong suction. 
The graduate, which contained much of the precipitated salt, 
was quickly filled with water and the precipitate washed into the 
crucible and thoroughly washed with clean, cold water. The 
crystals collected proved to be a very pure mercury fulminate. 
They showed the well known characteristic form under the micro- 
scope. They were pure white and contained no metallic mercury. 
They puffed off sharply on being heated and detonated violently 
under the hammer. When dissolved in concentrated hydro- 
chloric acid hydroxylamine was produced quantitatively. An 
analysis for mercury by the electrolytic method gave 70.03% of 
mercury instead of 70.42% calculated. This new synthesis of 
mercury f ulm inate is interesting as being the first time it has 
been produced from a substance containing more than two carbon 
atoms. 

In regard to the purity of the propyl alcohol used, Hoffman 
and Kropff of Philadelphia, from whom the alcohol was obtained, 
say “We believe that it is the finest product on the market, and 
free from ethyl alcohol. Our fractionations are very carefully 
conducted in this case and columns of about 30 feet in height 
are employed.” 

On making the iodoform test for the presence of ethyl alcohol 
as described by Merck I noted a slight odor of iodoform in a 
clear solution, whereas the same test made on ethyl alcohol gave 
immediately a heavy precipitate of iodoform. The specific 
gravity of the propyl alcohol was 0.801, boiling point 96— 96.5°C. 
(Merck gives 0.8066 and 96-98°C.) 

By moderating the reaction with ice water, decanting off and 
inducing a second and third precipitation I obtained as much as 
0.25 gm. of pure mercury fulminate from 1 gm. of mercury and 
14 c.c. of propyl alcohol. This calculated to ethyl alcohol is 
equivalent to 0.16 gm. of alcohol. Assuming that the ethyl 
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alcohol is transformed quantitatively into fulminate the propyl 
alcohol must contain 1.4% of ethyl alcohol. But the ethyl 
alcohol could not be transformed quantitatively into fulminic 
acid. Calculating that only tt of the alcohol is so transformed, 
according to Wohler, the propyl alcohol must have contained 
24.2% of ethyl alcohol. But from the tests made on the alcohol 
as well as the statement of the manufacturer it must contain but 
slight traces of ethyl alcohol if any. Clearly the fulminate is 
formed from the propyl alcohol itself. 

It is interesting to note that with the use of propyl alcohol I 
have isolated and examined an intermediate product in the 
fulminate process though I have not as yet identified it. Soon 
after the two solutions are mixed and before the violent reaction 
begins there is sometimes deposited a quantity of light, flaky 
crystals which again go into solution when the reaction begins. 
Some of these crystals were drawn out and drained of their acid 
on a watch glass and examined under the microscope. They 
consisted of perfectly formed, large, lustrous, white plates, the 
longer dimension of which was about five times the shorter. 
They were highly unstable decomposing spontaneously, and when 
treated with water, leaving only traces of a grayish powder, 
probably metallic mercury. The crystals were not explosive 
when heated but vaporized rapidly leaving hardly a trace of 
solid matter. There is no doubt that these crystals are crystals 
of one of the much sought intermediate products of the fulminate 
process which, in the case of the propyl alcohol is either less 
unstable than the corresponding compound from ethyl alco- 
hol or is crystalline whereas the corresponding ethyl alcohol 
derivative is liquid. 

Wieland’s theory as to the different stages of the reaction by 
which fulminic acid is obtained from ethyl alcohol, (B. 40, 
418-422, 1907) may well explain why the mercury fulminate 
obtained from propyl alcohol is decomposed during the last 
stages of the reaction, and his theory receives confirmation to the 
extent that it explains this decomposition. Wi eland’s theory is 
briefly explained in the following scheme of formulae: 
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CH 3 CHs HC:NOH HC:NOH 

1 * | * | » I 

ch 2 oh cho coh cooh 

0 2 N.C:N0H 0 2 N.C:N0H 

* | » || » HN 2 +C:COH. 

COOH H 

According to this theory when propyl alcohol is substituted for 
ethyl alcohol methyl nitrite would be formed in the last stage 
of the reaction instead of nitrous acid, and methyl nitrite, being 
a much more unstable body than nitrous acid itself, decomposes 
liberating nascent N0 2 which attacks the fulminate. Further 
confirmatory evidence of this reaction is found in the strong 
fruity odor given off during the reaction which might well be the 
odor of methyl nitrite. 

I have not yet been able to obtain any fulminate from the 
other polycarbon alcohols used. Some preliminary experiments 
were unsuccessful. From the identity of the final products, 
however, it seems probable that further work along this line may 
be rewarded by the production of fulminates from various poly- 
carbon alcohols and indeed from acetone itself. 





DEVELOPMENT IN EXPLOSIVES IN THE UNITED 
STATES DURING THE LAST THREE YEARS 


Prof. Charles E. Mtjnroe 
Washington , D. C. 

Since my report of progress to the Congress at London another 
census of manufactures, including explosives, has been taken by 
the United States. The data obtained for the Explosives Indus- 
try is presented in comparison with that obtained for the next 
two previous censuses in Table I, in which not only the principal 
products obtained, but also the chief materials used in the 
manufacture are given. 

The production of explosives in the industry proper was 
469,481,252 pounds in 1909, 360,980,734 pounds in 1904, and 
215,980,720 pounds in 1899, an increase for the decade of 117.4 
per cent. If the explosives made by establishments operated by 
the Federal Government and by establishments engaged pri- 
marily in the manufacture of other products be added, the total 
production in 1909 was 471,446,006 pounds. The output of 
dynamite formed about three-eighths of the total output of 
explosives, and its value approximately one-half of the total 
value of explosives reported. The most important product in 
respect to quantity of output, namely, 233,477,175 pounds, was 
blasting powder. Permissible explosives were reported sepa- 
rately for the first time in 1909. They are specially designed 
for use in dusty and gaseous coal mines. The production of 
smokeless powders, chiefly cellulose nitrate powders, is included 
in the returns for “ other explosives/' but there has been a 
steady increase in their manufacture. 

In my report for 1909 attention was called to the progressive 
deterioration of straight cellulose nitrate powders of low nitra- 
tion and of the provision made by the United States officials for 
the reworking of such powders. An unexpected use was made 
of this in the commercial competition between the manufacturers 
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TABLE I 

Quantities and Values of Explosives Produced in the United States 


Nitrate of Soda: 

Tons 

Cost 

Acids: 

Mixed — 

Pounds 

Cost 

Nitric- 

Pounds 

Cost 

Sulphuric- 

Tons 

Cost 

Sulphur or brimstone: 

Tons 

Cost 


All other materials, cost. 


Nitroglycerine, sold as such: 
Pounds 


Blasting powder: 

Kegs (25 pounds) . 


Permissible explosives: 

Pounds 

Value 

Gunpowder: 

Pounds 

Value 

Other explosives: 1 * 3 

Pounds 

Value 


AH other products, value. 


1900 

| 1904 

1899 

$22, 811.54S 

$17,203,667 

$10,334,974 

188,889 

$7,892,336 

133,034 

$5,608,557 

88,524 

$2,902,866 

51,764,694 

$1,512,626 

105,552,404 

$3,093,429 

66,906,146 

$1,505,754 

7,591,756 

$541,314 

2,099,500 

$122,047 

467,587 

$17,171 

22,501 

$406,204 

18,298 

$247,301 

7,864 

$130,099 

17,389 

$367,866 

10,574 

$507,469 

12,742 

$317,383 

$12,091,202 

$7,624,864 

$5,461,101 

*$40, 139,661 

a $29,602,884 

$17,125,413 

177,155,851 

$18,099,746 

120,920,829 

$12,900,193 

' 85,846,456 

$8,247,223 

28,913,253 

$3,162,434 

7,935,936 

$1,620,117 

3,618,692 

$783,299 

9,339,087 

$9,608,265 

8,217,448 

$7,377,977 

3,907,012 

$3,857,974 

9,607,448 

$863,209 



12,862,700 

$1,736,427 

10,383,944 

$1,541,483 

25,038,804 

$1,452,377 

7,464,825 

$3,913,787 

6,303,825 

$4,256,193 

3,201,468 

$2,610,103 

$2,155,793 

$1,906,921 

$174,442 


1 In addition, 1,481,042 pounds, to the value of 8802,948, were mado by Federal establishments, and 219,358 
pounds, to the value of $135,979, by establishments engaged primarily in the manufacture of products other 
than those covered by the industry designation. 

* In addition, 1,104,532 pounds, t to the value of $690,032, wore mado by Federal establishments and by 
establishments engaged primarily in the manufacture of products other than those covered by the industry 

designation. 


3 Includes smokeless powder and guncotton or pyroxylino, to avoid disclosing operations of individual 
establishments. 

Notb. The following products were made and consumed in the establishments where produced: 
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of powders of this type of base and those manufacturing the 
nitroglycerine-nitrocellulose powders of the Cordite type which 
was voiced in many articles appearing in London Engineering , 
hence it is proper to say here that even at the time when my 
paper appeared in print the United States Government had 
adopted diphenylamine as an additional component of its service 
powder, that this material has been found to act as an efficient 
stabilizer, and it is held “that powders which in themselves 
would have a safe life of six or seven years can be confidently 
counted upon, if containing diphenylamine, for a life of twenty 
years, and perhaps much more than this.” The reworking of 
old type powder has gone on, the material being converted to 
use in the new type. This reworking is most profound in char- 
acter, the grains being reduced to dust, and this finely commi- 
nuted cellulose nitrate thus produced being put through the 
same purification treatment as that to which freshly produced 
cellulose nitrate is subjected before being compounded into the 
finished powder. A comparison of the methods show that the 
process differs intrinsically from the superficial “radoubage” 
practised by the French. 

Naturally this comment on the stability of cellulose nitrate 
powders of low nitration, coupled with the fact that several 
accidents had occurred on naval vessels to which they were sup- 
plied aroused apprehension among the officers and men aboard, 
and to determine the facts in the case the editorial in Engineer- 
ing for October 6, 1911, was referred for consideration and 
comment to the United States Joint Army and Navy Powder 
Board. The report of this Board is published in the United 
States Naval Institute Proceedings, Vol. 38, pages 133 to 179, 
and it justifies the action of the United States Ordnance Bureau 
in selecting the powder now adopted for its Army and Navy. 
The improvement in morale following this publication demon- 
strates that publicity is as necessary and beneficent in military 
as in industrial and commercial operations and that in all the 
real activities of man, secrecy is frequently most costly and 
eventually entails great loss in efficiency. 

The Bureau of the American Railway Association for the 
Safe Transportation of Explosives and Other Dangerous Arti- 
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TABLE II 

Work of Bureau for Safe Transportation of Explosives, A. R. A. 


Total number of railway lines members of Bureau, December 31st. . . 

Total mileage of Bureau lines, December 31st 

Total number of steamship lines members of Bureau, December 3 1 st.. . 
Total number of express companies members of Bureau, December 31st 

Total number of associate members of Bureau, December 31st 

Total number of inspections of stations 

Total number of inspections of factories 

Total number of inspections of magazines 

Total number of boxes of high explosives condemned as unsafe for 

transportation 

Total number of kegs of black powder condemned as unsafe for 

transportation 

Total number of boxes of high explosives condemned at factory 

Total number of cars in transit containing explosives inspected 

Total number of cars in transit showing serious violations of regula- 
tions 

Total number of express inspections 

Total number of inspections of steamship companies’ piers 

Total number of inspections made by Bureau 

Total number of lectures to railway officials and employees, and 
meetings addressed on the subject of safe transportation of 
explosives and other dangerous articles 


1911 

1910 

1909 

1908 

228 

230,211 

11 

174 

228,986 

11 

172 

209,984 

158 

202,186 

3 

2 



30 

32 

33 


8,572 

274 

1,561 

8,031 

315 

1,528 

6,593 

278 

1,292 

5,603 

270 

1,540 

6,591 

10,902 

10,029 

4,852 

1,205 

1,291 

4,913 

647 

1,468 

531 

1,412 

475 

448 

210 

1,027 

235 

168 

197 

72 

69 

69 


12,919 

18,615 

16,087 

8,959 

637 

228 

215 

171 


cles, whose organization I announced at London, is now firmly 
established and the results accomplished are shown in Tables 
II and III from the Fifth Report of the Chief Inspector. 

During the same period reports have been rendered to the 
Chief Inspector by the Chemical Laboratory of the Bureau on 
955 samples. 

With the completion of the organization and the remedying 
of the most obvious evils, much attention has been given to 
researches, the results of which have appeared in the Annual 
Reports of the Inspector. Col. Dunn made a most elaborate 
investigation into the methods of loading cars, which resulted 
in the “Methods for Loading and Staying Carload and Less 
than Carload Shipments of Explosives,” published with dia- 
grams January 2, 1911, as B. E. Pamphlet No. 6, while Chief 
Chemist Beistle has secured positive results in the promotion of 
safety in his studies of exudation of nitroglycerine alone and 
when mixed with nitrotoluol in dynamites; spontaneous igni- 
tion in railway torpedoes and time-signal railway fusees; sta- 
bility of nitro-starch explosives; safety of chlorate explosives, 
and a variety of other topics, the conclusions regarding which 
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are set forth in the successive annual reports of the Chief In- 
spector. Appended to the report for February, 1912, is a de- 
tailed, illustrated report on the disastrous explosion which 
occurred at Communipaw, N. J., on February 1, 1911. This 
is an earnest of what may be expected in the future though a 
detailed official report on the explosion at the New York Central 
Station has not yet appeared. 

The regulations formulated by this Bureau have proved so 
excellent and workable that they have been adopted and pro- 
mulgated by the United States Interstate Commerce Commis- 
sion, and they now govern all railroads in the United States 
engaged in interstate commerce. It is believed that the legisla- 
tion relative to the operation of the Panama Canal may give 
this body control over interstate transportation by water also. 
As chairman of the Advisory Committee of the American Rail- 
way Association, with Dr. H. S. Drinker, President of Lehigh 
University, and Dr. Charles F. McKenna as associates, which, 
in 1905, reviewed and passed upon this subject, it is gratifying 
to note the progress that this Bureau has made and the success 
it has achieved. The conception and initial direction was due 
to our lamented associate, Dr. Charles B. Dudley, who, from 
the founding of the Bureau in 1907* until his death, served as its 
President. The practical operation has throughout been in the 
competent hands of Col. B. W. Dunn, and with Dr. Dudley, 
he has made the Bureau a most valuable aid to the State and an 
efficient protector of life and property. 

The Pittsburgh Testing Station of the United States Bureau 
of Mines, which was, as stated in my last report, opened in 
September, 1908, and which in January, 1909, became ready to 
make official tests of explosives tor use in coal mines containing 
gas, gas and dust, or dust in dangerous quantities, had, on 
January 1, 1912, established a list of 77 Permissible Explosives. 
Several score more of the different explosives submitted in these 
three years of operation passed the required tests and were 
admitted to the list, but have subsequently been withdrawn 
because of their manufacture not having been continued, or for 
other reasons. All of these explosives must not only pass the 
three sets of gallery tests in which the atmosphere is charged 
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with definite quantities of natural gas, or bituminous coal dust, 
or both, as prescribed, but they must also satsify all the re- 
quirements of exudation, stability and other chemical tests, and 
also give satisfactory results in the ballistic pendulum, pressure 
gauge, calorimeter, Trauzl, small lead block, impact, rate of 
detonation, flame and frictional pendulum tests. The equip- 
ment of the Station is described and illustrated in detail in 
Bulletin 15 of the Bureau of Mines. The frictional pendulum 
is an exception to this, since it has been devised and constructed 
since that Bulletin was written. It embodies in mechanism the 
principle of Dupres’ famous broomstick test, in which the ex- 
plosive is exposed to a glancing blow. It comprises a steel anvil 
with a smooth face 3} inches wide by 12 inches long, in the 
middle of which are three grooves for holding the explosive, and 
a swinging steel shoe having a radius of swing of 6 feet 6f inches 
and a radius of curvature to its face of 10J inches. The shoe 
can bd, and in practice is, faced with hardwood fibre or other 
material. The shoe may be dropped from heights of one-half to 
2 meters and weights of 1 to 20 kilos are used in the tests. The 
apparatus has now been in use about one year and has given 
most satisfactory results. This Bulletin reports also the data 
obtained with the first 17 permissibles tested, as well as that 
obtained in the tests of 4 foreign explosives which had passed 
the tests abroad. The object of these, and of other tests of 
foreign explosives now being made, is to discover, if possible, 
means by which to correlate the results obtained by foreign test- 
ing stations with those obtained at Pittsburgh in spite of the 
differences existing in the forms and dimensions of the different 
galleries; the nature and proportions of the gases used; the un- 
like methods of stemming and firing; and in other particulars. 

Many researches have been carried out or are being carried 
out at this station. The results of investigations into the explo- 
sibility of coal dust; of mine gases and dusts; of the character- 
istics of fuse and squibs with the influence of temperature and 
pressure on the rate of burning of fuse; the effect of stemming 
on the efficiency of explosives; and the behavior of nitroglyc- 
erine when heated have already been published. This last dar- 
ing investigation was carried out by Dr. W. 0. Snelling and C. 
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G. Storm, who effected the distillation of nitroglycerine (accom- 
panied, however, by decomposition); determined its ebullition 
point as 145°; its explosion point (by thermocouples immersed 
in it) as 218° ±5°; and proved its progressive exothermal de- 
composition, starting between 50°-60° and becoming rapid at 
135°. 

An investigation of marked practical value by Clarence Hall 
and Spencer P. Howell is published as Technical Paper 18 under 
the title “Magazines and Thaw Houses for Explosives,” and 
gives precise details for the construction of such buildings from 
cement-mortar blocks made of 1 part cement to 6 parts coarse 
sand. These blocks were found to offer greater resistance to 
bullets than the sand or mineral wool heretofore used in this 
country for filling in the walls of such structures. They pre- 
sented less resistance to penetration than concrete, but have the 
advantage over the latter that, when exposed to an explosion, 
they are shattered to dust. A magazine having a capacity of 
20,000 to 30,000 pounds of explosives was built of this material 
at a cost of $400. 

As the explosives which are placed on the Permissible List 
must, when offered for sale, be identical with the samples tested, 
all explosives submitted for test are carefully analyzed as a part 
of the means for subsequent identification. This has necessi- 
tated the devising of methods for the analysis of the many new 
compositions of matter presented. In order that the manufac- 
turers and consumers may be able to check and use tho methods 
of identification, these methods are described with fulness in a 
bulletin now in process of publication and which will be fol- 
lowed by others as additional methods are proven to bo of value. 
The study of the characteristic behaviors of the components of 
these mixtures, which is essential to the development of ana- 
lytical methods of separation and identification, has led to some 
interesting discoveries which are soon to be made public. 

Much attention has been given to tho development of poi- 
sonous products in explosions, and more especially carbon mon- 
oxide, the gases being collected for study not only from tho 
pressure gauge, but also from tho face of tho breast in the mines. 
A tentative maximum limit for CO, of 158 liters from 680 grams, 
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which permissible explosives must not exceed, has already been 
fixed, but farther studies in the mine are being made and a me- 
chanical sampling device has been invented for taking the gas 
samples without exposing the person unduly. Chronic poison- 
ing by continued exposure to small amounts of CO is also being 
made a subject of study as a guide in fixing the permissible 
limits of this gas in explosion products. 

The Bureau has also conducted a campaign of education 
among operators and miners by means of publications such as 
“A Primer on Explosives for Coal Miners,” and “Miners’ Cir- 
culars”; by lectures; and by demonstrations with the gallery 
and other appliances at Pittsburgh, and, recently, with portable 
galleries which are carried into the mining districts. As a result 
of this the quantity of short flame explosives, including permis- 
siblcs, manufactured in 1909 exceeded by 1,265,897 pounds the 
entire quantity of such explosives manufactured in this country 
from 1902, when the manufacture first began, up to 1909. No 
statistics arc available for 1910 and 1911, but it is estimated that 
the manufacture is now twice as great as in 1909. 

A largo measure of the general increase in the production 
shown in Table I has been due to the rapid growth in their use 
in this country in agriculture, where they are used not only in 
breaking boulders, blowing up stumps, excavating holes in which 
to plant trees, and in cultivating the under-soil, but also in 
driving irrigation and drainage ditches following the method I 
devised in 1898 for throwing up military intrenchments with 
dynamite, while condemned gunpowder is being used directly as 
a nitrogenous fertilizer with which to raise crops. Among the 
largo projects using explosives may be named the Panama Canal, 
which, in tho last three years, consumed 32,500,000 pounds of 
dynamite, and the Croton Aqueduct some 20,000,000 pounds. 

A commercial feature of the industry has been the increased 
cost of glycerine during tho last three years, it having in 1910 
reached the extraordinary price of 24i cents per pound. The 
scarcity of glycerine and the scarcity of bone for use in the 
phosphate industry throw curious side lights on the increased 
cost of meat. This high cost of glycerine has stimulated re- 
searches looking to the production of synthetic glycerine and 
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glycols. The improvements in methods now announced for the 
cheapening of the cost of the production of propyl alcohol is an 
important step in thib direction. The recovery by Dr. Hnelling 
of large quantities of ethane, propane and butane from natural 
gas, and their subsequent separation, is another step. A de- 
velopment which is accomplished and which promotes the in- 
dustry is that of the separation of toluene 1 and the manufacture 
of nitrotoluenes from water gas tar, since this increases our 
visible supply of raw material for the nitrosubstitution explosives 
which are entering so rapidly into use in recent times. 

i By-Products in Gas Manufacture. Charles IS Munroo. Centenary Lec- 
tures, American Gas Institute, 28 - 66 , 1912 . Also J Frk. Inst. June, 1912 . 



COMMISSION INTERNATIONALE POUR L’lSTUDE DE 
^UNIFICATION DES MfiTHODES D'fiPREUVES 
BUR LA STABILITY DES EXPLOSIFS 

Rapport Final appronv6 le 25 juillet 1912 , pour Ure prisenU au 
VIII me Congrfa international , d W ashington-N ew- Y orh 
C septembre 1912) 

I. — Anmyu General des travaux de la Commission 

Avant do formuler nos conclusions dans ce rapport qui fait 
suite a ooux qui ont deposes ft Londres cn 1909 ct qui sont 
insures dans les Publications du VII mo Congr&s, volume traitant 
des travaux de la section 1116 (Explosifs), pages 130 ft 190, nous 
rappollorons suranetement quels ont 6t6, dopuis le ddbut, les 
travaux de la Commission, comment cellc-ci a fonctionnd et par 
quolles voios olio est arrivde aux conclusions que nous proposons 

la ratification du VllI mo Oongr&s de Chimie appliqu6e, ft 
Wnshington-Now-York, on 1912. 

(Vest ft Rome, en 1906, au VI rao Congres de Chimie appliqude, 
quo la Commission a 6t 6 institu6e. La section III6 (Explosifs) 
du dit Oongr&s ayant rcconnu Popportunitd d’unificr les mdthodes 
dYprouvcs sur la stability des explosifs, a nomm6 une Commis- 
sion intemationale 1 chargee dYtudier cette question et de pr6 

* Ont M* dftdgnfa pour faire partie do cotte Commission: 

Pour VAUemagnv: MM. ProfcHseur W, Will, ft Berlin; l^ofcsscur H.-F. 
Lensse, ft Cbnrluttonburg; Professeur F. Jloiao, it Bochum; Directour g6n6ral 
O.-E. Biehel, it Uambours;; 

Pour Vlhpaynv: M. M. Jaecjutf, ft Bilbao; 

Pour la France; M. L, Bnrtlielemy, ft Paris; 

Pour la Granrfc-Brclaync: MM. C.-O. Lundholm, ft Stevenson, et Professeur 
W.-F. Reid, ft Addlestono; 

Pour VI talk: MM. Colonel G. Yiiali, ft Homo, cl Professeur G. Spica, ft 
Vcnisc; 

Pour les Pays-Bas: M. lo Capitaino Gey van Pittius, ft Amsterdam; 

Pour la Rumc: M. Professeur Sapojnikoff, ft SaintTetersbourg; 

255 
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au Congr&s suivant un rapport destin4 k servir de base k cette 
unification. 

Dans sa stance pl4ni4re du 3 mai 1906, le Congr4s a ratifi4 la 
decision de la section Illb, dans les termes suivants: 

“Le VI e Congrfes international de chimie appliqu4e, tenu k 
Rome, en 1906, recommit la n4cessit4 de voir unifier les m4thodes 
d 7 4preuves sur la stability m4canique et chimique des explosifs, 
et ratifie la nomination d’une Commission sp4ciale pour 6tudier 
cette question et presenter un rapport au prochain Congr&s.” 

Pour donner suite au voeu du Congres, il a 4t4 adopts stance 
tenante, k Rome meme, le programme suivant: 

En premier lieu, s’enqu4rir des m4thodes existantes dans les 
divers pays et les faire connaltre aux membres de la Commission; 

Recueillir ensuite les propositions de ceux-ci sur les m4thodes 
qu’il conviendrait d’ adopter, soit que quelque m4thode exist ante 
soit pr4conis4e, soit que de nouveaux proc4d4s soient propos4s; 

Enfin, chercher une entente sur un syst4me unique. 

Pour assurer la r4alisation de la premiere partie du programme 
le bureau (k cette 4poque compos4 de MM. Watteyne et Stassart) 
a adress4 une circulaire k MM. les membres de la Commission en 
les priant de faire connaltre quelles sont les 4preuves en usage 
dans leurs pays respectifs. 

Les r4ponses k cette circulaire, jointes k d’autres renseigne- 
ments puis4s k d’autres sources, ont fait Fobjet d’un premier 
rapport dat4 du 25 mars 1908 qui a 4t4 distribu4 k MM. les 
membres de la Commission et k toutes les personnes susceptibles 
d’intervenir utilement dans F4tude dont il s’agit. 

Par de nouvelles circulaires, il a alors 4t4 demand4 k MM. les 
membres de la Commission de faire connaltre leurs propositions 
justifies sur les m4thodes qu’& leur avis, il conviendrait d’adopter 
uniform4ment dans les divers pays. 

Ces notes, qui font Fob jet d'un deuxi&me rapport , devaient 

Pour la Belgique: MM. Inspecteur g4n4ral des mines V, Watteyne, k 
Bruxelles, et Ing4nieur en chef Directeur des mines S. Stassart, k Mons. 

MM. Watteyne et Stassart ont 4t4 nomm4s respectivement President et 
Secr4taire de la Commission. 

M. Stassart 4tant d4c4d4 le 21 janvier 1911, la Commission a d4sign4, pour 
le remplacer, M. PIng6nieur des mines Ad. Breyre, ^Bruxelles. 
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servir de base k des discussions finales et k une entente definitive, 
si toutefois celle-ci etait realisable, au Congr£s de Londres. 

Mais des circonstances se sont presentees qui ont retarde cette 
entente finale: 

Dans Pintervalle des deux Congr&s, le Gouvernement allemand 
avait mis & F etude cette m&me question des epreuves k faire 
subir aux explosifs pour P admission de ceux-ci au transport, et, 
precisement, parmi les personnes chargees de cette etude se 
trouvaient deux de nos collogues, MM. les professeurs Will et 
Lenze. 

Ces etudes se sont prolong4es presque jusqu ; & Pepoque du 
Congrfes de Londres. Elies ont abouti k tout un programme 
d’epreuves k faire subir aux explosifs de diverses categories. 

Ce programme ou plutdt ce r£glement, fruit de recherches 
approfondies et soigneusement eiabore, etait k prendre en con- 
sideration par notre Commission et il a paru k celle-ci qu ? il y 
avait lieu d’attendre que ce r£glement etit ete applique en 
Allemagne pendant un certain nombre de mois, en vue d'en 
reconnaitre les avantages et les inconvenients. Apr£s une telle 
experience, la Commission intemationale, disposant ainsi de nou- 
veaux et importants elements d’ appreciation, pourrait se pro- 
noncer en meilleure connaissance de cause. 

Dans ces conditions, la Commission ne pouvait que proposer 
au Congr£s la prorogation de sa mission jusqu’au Congr£s 
suivant. 

C’est ce qui a ete decide, en s4ance de la Section des explosifs 
d’abord, et, ensuite, en s4ance pientere du Congr^s, le 2 juin 1909. 

Nous ne croyons pas avoir k reproduire les premiers rapports; 
ceux-ci, condenses, mis k jour et termines par un projet de 
conclusions, eiabore par le Bureau, ont re$u une publication 
suffisante, par le fait de leur insertion dans les publications du 
Congres. Ajoutons que les travaux de la Commission jusqu'en 
1909 ont ete publies dans les Annales des Mines de Belgique (t. 
XV (1909), 4 me livr.,), dans un article de MM. Watteyne et 
Stassart, intitule: Les mines et les explosifs au YII™ Congr&s 
international de Chimie appliqu&e, d Londres , en 1909 (voir pages 
90 k 170 du tire k part.) 

Cet article, qui peut §tre considere comme un troisi&me rapport 
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de la Commission, reproduit 4galement (pp. 170 k 182) les notes 
de MM. East, Will et Lenze sur les travaux de la Commission 
allemande, notes qui avaient et6 produites au Congr&s de Londres. 

En annexe dudit article de MM. Watteyne et Stassart on 
trouve aussi, pages 221 k 232 du tir4 a part des Annales des Mines 
de Belgique , la traduction frangaise de la partie principale de la 
nouvelle r6glementation allemande. 

Conform6ment k ce qui avait ete decide, on a laissS s J 6couler 
un temps assez long pour que les avantages et les inconv6nients 
du rfeglement allemand aient pu se manifester; puis le Bureau 
(MM. Watteyne et Breyre, ce dernier ayant ete designe comme 
secretaire en remplacement de M. Stassart) a ecrit, en 1911, aux 
membres allemands de la Commission pour les prier de faire 
connaitre les observations auxquelles avait donne lieu, en Alle- 
magne, F application du r^glement nouveau. 

MM. Bichel, Heise, Will, Mente et Lenze (ces trois derniers 
collectivement), ont repondu respectivement le 29 septembre, 
le 28 octobre et le 7 novembre 1911. 

Par lettre-circulaire du 12 mars 1912 (annexe I), le Bureau fit 
connaitre k tous les membres de la Commission, les observations 
des collogues allemands et, en meme temps, soumettait k Pexamen 
de la Commission un nouvel avant-projet de conclusions . 

Cet avant-projet, qui forme, avec les notes de MM. Bichel, 
Heise, Will, Mente et Lenze, Fannexe I au present rapport, 
etablissait d’abord une classification simplifiee, basde sur les pro- 
prietes generates des explosifs au point de vue de la resistance 
aux causes de danger pendant Femmagasinage et le transport, 
puis il sugg£rait un nombre limite dtepreuves s’appliquant aux 
diverses categories et classant dans Fune ou Fautre de celles-ci 
Fexplosif considere. Une premiere epreuve s'appliquant k tous 
les explosifs permettait d’eiiminer prealablement tous les produits 
defectueux. 

Le projet de classification indiquait, en grandes lignes, les 
types d’explosifs qui entraient dans les trois categories proposees. 

L’annexe I dormant ce pro jet %n-extenso, nous n*y insisterons 
pas davantage ici. 

A la fin de la lettre du 12 mars, le Bureau demandait aux mem- 
bres de la Commission de formuler k bref deiai leurs observations 
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sur le projet et, en m4me temps, faisait part du d4sir 4mis par 
plusieurs membres de se r4unir en un point central en Europe en 
vue de permettre 4 la Commission de se concerter et d’arriver 
a un accord d4finitif pour le rapport k presenter au Congr4s de 
W ashington-N ew-Y ork. 

Les r4ponses ayant ete formul4es par la plupart des membres 
(MM. Will, Mente et Lenze (collectivement), M. Heise, M. 
Barth41emy, M. Jacqu4, MM. Yitali et Spica et M. Lundholm), 
et le lieu de la r4union ayant 4t 4 fix4 4 Paris, le Bureau a, par sa 
lettre du 18 mai 1912 (annexe II) port4 ces r4ponses 5, la con- 
naissance de tous les collogues, en les convoquant pour le 24 
juin, 5, Paris, dans le local que M. Barth41emy mettait 4 notre 
disposition. 

Dans l’intervalle de la lettre du 18 mai et de la r4union du 
24 juin, sont encore parvenues au Bureau diverses notes: 

1° Une lettre que M. Gey van Pittius, empeche, par un s4jour 
prolong4 aux Indes n4erlandaises, de prendre part & la r4union 
de Paris, 4crivait de Malabar en date du 27 avril 1912 (annexe 
III); 

2° Une nouvelle lettre de M. Lundholm, en date du 10 juin 
(annexe IV) ; 

3° Une nouvelle note, du 22 juin, de M. Jacqu4 (annexe V). 

Le 24 juin 1912, nous nous sommes r4unis a Paris, oh nous 
avons 4t4 regus par le collegue Barth41emy. 

Ont assist4 k cette r4union: MM. Watteyne, pr4sident; 
Barth41emy, Jacqu4, Vitali et Will, membres, et A. Breyre, Sec- 
r4taire. M. Mente, collaborates de M. Will, M. le Bergassessor 
Beyling, Directeur de la Station d’essais de Westphalie, d414gu4 
par M. Heise, et M. Sehmerber, Ing4nieur & Paris, pr4tant son 
bienveillant concours comme interprete, assistaient aussi & la 
s4ance. 

S’4taient fait excuser MM. Bicbel, Gey van Pittius, Heise, 
Lundholm et Spica. 

Apr4s une laborieuse discussion, dont les traits principaux 
sont relat4s dans le proces-verbal de la s4ance (annexe VI), on 
s’est mis d’accord sur les points essentiels de nos conclusions 
que nous allons donner ci-apr4s. 

Les travaux proprement dits de la Co mmi ssion se divisent 
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done en fait, en deux p6riodes, celle de 1906 k 1909 et celle de 
1910 k 1912; les travaux de la premiere p^riode sont consigns 
dans les trois premiers rapports d6j& publics, aux endroits in- 
diqu^s plus haut; ceux de la seconde p£riode, dans les annexes 
du present rapport. 

Nous renvoyons k ces documents pour la justification des 
conclusions qui vont suivre. 

II.— Conclusions 

II r^sulte des id4es Schang^es et des discussions produites au 
sein de la Commission que le probl&me de Funification des 
m6thodes d’Spreuves sur la stability des explosifs prfeenterait 
des difficult4s insurmontables s’il fallait lui donner d£s k present 
une solution complete, consistant dans Fadoption d’une r&gle- 
mentation uniforme et exclusive s'appliquant k tous les pays. 

La multiplicity des explosifs, les conditions et n^cessitfe differ- 
entes pour chaque pays et le fait que la plupart des mythodes 
d’ypreuves actuellement connues ne s’appliquent pas ygalement 
k tous les explosifs, sont parmi les causes de ces diffieultys. 

Mais nous croyons qu’un pas important sera fait dans Fachem- 
inement vers la solution complete et qu’une amelioration notable 
de la situation actuelle serait accomplie si, parmi les multiples 
essais actuellement en usage et diffyrant d'une rygion k F autre, 
on pouvait choisir un petit nombre d^preuves bien dyfinies, de 
ryalisation aisyment uniforme, et qui, par elles-memes, classent 
les explosifs en quelques grandes catygories, de propriyty gyn- 
yrales communes. 

C’est ce choix que la Commission s’est efforcye de faire, laissant 
k chaque Gouvemement la faculty d’approprier k sa ryglemcnta- 
tion, dans telles conditions qu’il lui plaira, les principes indiqu6s. 

Leur adoption, ne ffit-ce que comme ypreuve “de consigna- 
tion,^ pour les pays qui dysireraient maintenir d'ailleurs leurs 
procydys et leurs usages, constituerait un progrfes syrieux en in- 
troduisant, dans les exigences administratives, quelques points 
de rep£re qui, en se multipliant dans la suite, feront approcher de 
plus en plus de Funiformity dysirye. 

Tout d'abord la Commission a dycidy de restreindre son action 
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aux explosifs industriels , k P exclusion des explosifs de tir et de 
guerre. 

II en rdsulte que, dans les 6preuves qu’elle propose, elle n’a 
pas k consid6rer les explosifs a base de nitrocelluloses. 

Elle ne vise pas non plus les d^tonateurs, qui, dans tous les 
pays, foment une classe bien distincte. 

Avant tout, la Commission croit devoir presenter une observa- 
tion g&ndrale sur la question de Vemballage . 

Elle attire sur ce point important Pattention des Gouverne- 
ments: La s6curit6 du transport ne peut, en effet, 6tre envisage 
en faisant abstraction du mode d’emballage, dont Pordonnation 
appropriate permet d ? 6quilibrer les dangers propres des divers 
explosifs et de transporter ceux-ci en toute s6curitd. 

L’unification des prescriptions sur Pemballage serait ais6e k 
r6aliser et il y a lieu de la signaler k la sollicitude des Gouverne- 
ments. 

Cela dit, voici les trois groupes d’6preuves dont la Commission 
croit pouvoir recommander Padoption intemationale: 

La premiere 6preuve est applicable k tous les types d’explosifs et 
permettrait de reconnattre imm6diatement les produits dont le 
transport offrirait des dangers; les Spreuves suivantes, en pr&- 
cisant les quality de resistance au choc, k la friction et au feu 
(k divers degrds), conduiraient k une classification simplifi4e des 
explosifs d’apr&s leurs propri6t6s. 

I. — Epreuve Prealable 1 

Deux ichantillonSj chacun de dix grammes d’explosif non des - 
sSche, sont disposes dans des capsules de verve, munies d’un couvercle 
simplement pose, de 85 millimetres de diamUre et 50 millimetres de 
hauteur: Us sont introduits dans une etuve chauffie d 75° ou il s 
stjoument pendant J+8 heures . On s’ assure qu’il n’y a aucune de- 
composition de Vexplosif ni aucune modification notable dans 
Vaspect ou dans Vodeur . Pour les explosifs nitres, ils ne doit y 
doit y avoir aucun degagement de vapeurs rutilantes . 

i Voir au proc&s-verbal de la stance du 24 juin 1912 (annexe VI), les raisons 
qui ont fait donner k cette premiere 4preuve le nom d’6preuve prtalable au lieu 
du nom d 7 6preuve d } ilimination qui avait 4t4 propose. 
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II. — Epreuve de Resistance au choc 

On essaiera des poids egaux de Vexplosif d experimenter, pr6- 
alablement pulverise et dess6che, d’une part f et d’acide picrique pur 
pulverise et sec , d J autre part , avec le meme appareil et dans des 
conditions identiques . Les prises d’essai, de 5 d 10 centigrammes 
chacune , seront disposSes sur une enclume en acier en une couche 
occupant l cm 27 (f pouce anglais) de diametre. Uexplosif est 
reconvert d’un cylindre en aaier trempe, de l cm 27 de diamUre et de 
m&me hauteur . Dix essais consecutifs seront executes avec chacun 
des explosifs et serviront d determiner la hauteur de chute moyenne 
qui provoque V explosion. 

Les explosifs consideres comme peu sensibles au choc doivent 
montrer une insensibilite au moins egale d celle de Vacide picrique 
pur pulverise . 

N. B. — Peuvent etre notamment employes pour cet essai soit 
Pappareil anglais k chute libre, soit les appareils d6crits au VI e 
Congres international de Chimie appliqu^e (Rome 1906). 

II est k remarquer qu’ainsi que pour F Epreuve suivante, le 
mode d’op&rer ne doit pas n6cessairement §tre rigoureusement 
uniforme; la Constance des rfeultats est assume par Femploi de 
Fexplosif de comparaison, dans Fesp&ce Facide picrique, qui doit 
frtre, en tout eas, traits dans le meme appareil et de fagon rigou- 
reusement la m&me que Fexplosif essay<§. 

II bis. — Epreuve de Resistance a la Friction 

Uexplosif, place dans un mortier en biscuit leghrement chauffe 
{20 a 30° centigrades ) , ne doit pas se montrer moins resistant d la 
friction que Vacide picrique pur pulverise soumis dans le meme 
appareil a une experience identique. 

III. — Epreuve de Resistance au Feu 

a) Epreuve a la meche: S grammes d’explosif pulverulent 
sont verses dans un tube-Sprouvette en verre: par de legers chocs , 
on donne d la substance une surface bien unie . On y introduit alors 
une meche de poudre brdlant lentement {1 centimetre par seconde ). 
U essai est r6pete deux fois : Finflammation caract6rise les poudre 
d^flagrantes et les explosifs facilement inflammables. 
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b) Epreuve sub une capsule be fer portee au rouge: 
Les explosifs ay ant supports Tessai prudent sans deflagration 
seront soumis k un essai k haute temperature pour s’ assurer de 
leur inaptitude k la detonation sous Taction du feu. 

Une capsule enfer , MmispMrique, de 12 centimetres de diametre, 

I millimetre d’ipaisseur, est portie au rouge sur un brUleur; on y 
verse d } abord une petite quantity (i 0.5 gr.) de la substance pulvirisie, 
puis , s’il ne survient pas de detonation , on augmente la quantiU 
j usque 5 grammes . L y epreuve est recommends trois fois. 

c) L’Epreuve au fer rouge a pour but de constater Tin- 
aptitude des explosifs de sflret6 k Tinflammation. 

Apres quelques essais preliminaires sur de petites quantiUs pour 
constater d'abord le peu d 3 inflammability relative du produit, on 
dispose 100 grammes d 3 explosif sur un carton d 3 amiante; on met en 
contact avec Vexplosif V extremity d’une barre defer de 15 millimetres 
de diametre , portie au rouge cerise (900° environ) sur 10 centi- 
metres de longueur. La mature pent brUler lentement, sans donner 
lieu a aucune explosion , et doit s’eteindre lorsqu 3 on retire la source 
de chaleur. 

La consequence des trois groupes d’6preuves pr6conises par la 
Commission est la repartition des explosifs en trois classes: 

Les explosifs sensibles au choc donneront k T6preuve II-II bis 
des resultats inferieurs k ceux de Tacide picrique et formeront 
une premiere classe (dynamites, certains explosifs au chlorate et 
explosifs assimilables). 

L’epreuve III a caracterisera une deuxieme classe: les explosifs 
deflagrant sous Taction de la meche ou facilement inflammables 
(notamment les poudres deflagrantes diverses). 

L 7 4preuve combinee III b et c caracterisera une troisidme 
classe: les explosifs insensibles au choc et au feu, dont le transport 
offre une securite presque absolue. 

Si certains explosifs, apr&s avoir subi avec succ&s Tepreuve II- 

II bis et III a, detonaient k Tessai de la capsule rougie (III 6), 
il faudrait les adjoindre k la I 16 classe . Mais cette eventualite 
semble ne devoir se recontrer que pour quelques types peu 
courants. 

Les explosifs qui, ayant subi les epreuves II-II bis, III a et 

III b, se montreraient, dans Tessai III c } susceptibles de br flier 
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avec une certaine violence, devraient etre ranges dans la 2° 
classe (poudres) ou former une sous-classe intermediate entre la 
deuxi&me et la troisi&me. 

La Commission, en pr4sentant les conclusions qui precedent 
au YIII mo Congr&s international de chimie appliqu6e, declare 
sa mission d’4tudes termin6e; elle prie le Congr&s d J 6mettre un 
vceu k transmettre aux divers gouvernements int6ress6s ; en vue 
de la reunion d’une convention internationale, munie de pouvoirs 
officiels, k laquelle il incombera d’achever F oeuvre commenc6e, 
en consacrant un accord international sur les questions connexes 
aux transports internationaux d’explosifs (6preuves, emballage, 
classification, etc.). 

Pour la Commission: 

Le Secretaire, Le President, 

An. Breyre. Y. Watteyne. 


Annexe I 

Lettre-circulaire du 12 mars 1912 portant d la connaissance des 
membres de la Commission , les observations de MM. Bichel , Heise 
Will, Mente et Lenze et formulant un Avant-Projet de Conclusions 

Bruxelles, rue Lambermont, 2, le 12 mars 1912. 
Monsieur et honors Collogue, 

Lors du YII e Congr&s international de Chimie appliqu£e tenu 
k Londres en 1909, notre Commission a jug£ qu'il 6tait utile 
d'attendre les r^sultats donnas par F application du nouveau 
r&glement ailemand, en date du 23 d£cembre 1908, afin de se 
prononcer en meilleure connaissance de cause sur les epreuves de 
stability dont il conviendrait de recommander F adoption. 

Par nos lettres en dates du 2 fSvrier 1911 et du 25 septembre 
1911, nous avons pri6 nos collogues d’Allemagne de nous faire 
connaltre les observations auxquelles donnait lieu, de leur part 
Fapplication du rSglement nouveau. Ces collogues nous ont fait 
parvenir les notes suivantes: 

Note be M. Bichel (29 septembre 1911) 

*Pai Fhonneur de vous accuser reception de vos honordes lettres 
du 2 f6vrier dernier et du 25 courant, et, en r^ponse, je me per- 
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mets de soumettre k votre haute competence quelques points qui, 
k mon avis, meritent d’etre considers de tr£s pr£s. 

Le nouveau r£glement relatif au transport, en AUemagne, des 
explosifs par chemin de fer, n’a pas donne satisfaction k tous les 
points de vue. 

Pour ce qui concerne, par example, la classification des explosifs, 
il est k remarquer que les explosifs k base de chlorate et ceux k 
base de perchlorate sont trails tous deux sur le m£me pied, bien 
que les explosifs k base de chlorate soient de beaucoup plus 
dangereux que ceux k base de perchlorate. 

Autre vice de classification: 

D’apr£s le r&glement, sont 6num6r6s sous la classe I a, groupe 2, 
des explosifs qui, pour pouvoir voyager k titre de marchandise 
ordinaire ou de colis, ne doivent pas exc4der la quantity de 200 
kilos (poids net) k la fois, et qui, exp6di6s en quantit4s sup4- 
rieures k cette limite de 200 kilos, sont classes et ranges sur le 
m£me pied que les explosifs du groupe 3, qui sont des explosifs 
k haut pourcentage en nitroglycerine. 

Sous la division b sont classes ensuite les explosifs k haut 
pourcentage en nitroglycerine. 

Or cette classification ne pourra gufere donner satisfaction aux 
exigences de la pratique, qui demande plus de latitude. Yoyez 
ce qui se passe tous les jours: les petites stations, au voisinage 
desquelles se trouvent la plupart des usines des fabricants 
d’ explosifs, ne mettent k la disposition du public qu’un seul 
wagon par jour pour 1’ expedition des colis ou de la marchandise 
ordinaire, de sorte que, vu la restriction pr4citee, il est impossible 
aux fabricants d’explosifs d’exp4dier leurs produits au fur et k 
mesure des demandes de la journee. 

Il faut done porter la limite de 200 kilos k 500 kilos au moins 
(poids net), pour sortir de l’embarras et pour conc4der aux exi- 
gences de la pratique ce qu’on ne peut leur refuser. I/on pourrait 
faire cette concession sans scrupule et d’autant plus que les 
explosifs k base de chlorate ne pourront k mon avis, fetre traites 
sur le m£me pied que les explosifs & base de perchlorate qui, fait 
bien connu, sont beaucoup moins sensibles aux coups, aux chocs 
et aux causes d’infiammation que les explosifs au chlorate. 
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Note de M. Heise (28 octobre 1911) 

R4pondant k votre lettre du 25 septembre, j’ai Fhonneur de 
vous informer que j’ai peu k m’occuper de Fapplication des 
mesures k prendre pour r expedition des explosifs. Je n’ai done 
pas pu acqu&rir d ? experience personnelle sur les r4sultats obtenus 
avec les nouvelles prescriptions des chemins de fer allemands 
pour Fessai des explosifs dont il s’*agit d’autoriser F expedition par 
chemin de fer. 

J'ai cherche k obtenir des renseignements k ce sujet, mais n’ai 
pu arriver k aueun r6sultat positif, d’autant plus que les fabricants 
d’ explosifs eux-m£mes semblent ne pas encore connaltre exacte- 
ment comment doivent 6tre appliqu4es ces prescriptions. 

A ma connaissance, on n’a eu k d4plorer, depuis F4tablissement 
de ces prescriptions, aucun accident lors de Fexp4dition d'explo- 
sifs sur les chemins de fer allemands. Dans quelle mesure cette 
absence d’aceidents est-elle attribuable k F observation de ces 
prescriptions, e’est naturellement, ce qu’il est impossible de savoir. 

Parmi les membres allemands de la Commission, il y en a 
quelques-uns qui appartiennent k Findustrie des explosifs. 
Sans aucun doute, ce sont ceux-ci qui sont le mieux k m&me de 
juger des rdsultats dela nouvelle r4glementation. Ils pourront 
surtout 6mettre une opinion sur le point de savoir si les nouveaux 
essais prescrits sont d’ execution facile et d 7 application pratique. 

Supposant que vous pourrez obtenir de ce c6t6 les renseigne- 
ments coneemant les r4sultats pratiques des nouvelles prescrip- 
tions, je me contenterai ici d’inister sur un point concernant le 
texte m£me de ces prescriptions. 

A mon avis, les prescriptions allemandes ne permettent pas 
de distinguer exactement dans quels cas il faut proc6der aux 
essais prescrits pour les divers groupes d'explosifs. Les fabri- 
cants eux-memes semblent 6tre dans le doute k ce sujet. 

En tous cas, Fesprit est celui-ci: avant d’admettre au transport 
un explosif quelconque, ou doit avoir acquis, par suite de nom- 
breux essais, la preuve que cet explosif pr4sente un degr4 s uffis ant 
de s4curit4. D4s que Fexplosif a satisfait k cet examen, il est, 
une fois pour toutes, admis au transport par chemin de fer, soit 
comme marchandise ordinaire, soit seulement par chargements 
en wagons spdeiaux. 
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Le texte des prescriptions ne cadre pas exactement avec cet 
esprit. Quelques exemples feront comprendre ma pens6e: 

Si une firme veut faire admettre au transport un nouvel explosif 
au nitrate d’ammoniaque, il lui suffit en tous cas de faire une fois 
les essais presents sous la rubrique I du chapitre A de l’annexe 
Cla du r£glement. Ces essais determinent si, par sa composi- 
tion et par sa fabrication, le nouvel explosif pr4sente le degr4 de 
s4curit4 n4cessaire. Le cas 4ch4ant, P explosif en question sera 
porte, sous son nom et avec mention de sa composition, dans la 
liste (annexe C) et il sera d&s lors admis, n’importe quand, et 
sans avoir k subir de nouveaux essais, au transport par chemin 
de fer. 

Il en est autrement pour les prescriptions de la rubrique IV 
concemant les nitrocelluloses (coton-poudre, coton-collodion). 
Ces explosif s sont admis, d’apr&s les r&glements des chemins de 
fer, sous leurs diverses formes commerciales, k la seule condition 
qu’ils poss£dent un degr4 suffisant de stability. On est done dans 
le doute sur le point de savoir quand, dans quels cas ou dans 
quelles circonstances sp4ciales, il faut proc4der aux essais pre- 
sents, qui ne se bornent pas du tout k rechercher le degr4 de 
stability. On pourrait admettre que les essais doivent se faire 
plus souvent. D’ailleurs, ainsi qu’il en est pour d’autres pre- 
scriptions concemant d'autres groupes d’ explosif s, on ne dit pas 
toujours k quelles exigences les explosif s doivent satisfaire lors 
des essais. 

Finalement, je voudrais signaler les prescriptions du para- 
graphe B (poudres k tirer) I et II concemant les poudres k la 
nitrocellulose. Ici, les 4preuves doivent s 7 4tendre 4galement aux 
composants de Fexplosif. C’est ainsi, par exemple, que la nitro- 
glycerine doit 4tre experiments de deux fagons diff4rentes en 
vue de s’assurer si elle est libre d’acide; or, il est evident qu'une 
usine peut produire de la nitroglycerine libre d’aeide. L’4preuve 
unique exig4e pour P admission au transport par chemin de fer 
semble, en consequence etre sans but. Il faut done comprendre 
que les prescriptions exigent un examen continuel de la bonne 
composition des constituants, car Faecomplissement des pre- 
scriptions n’a pas seulement pour but de faire observer une forme 
exterieure, mais il vise aussi a arriver k ce resultat qu’on n’admette 
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au transport par chemin de fer que des explosifs de mine ou de 
tir prdsentant rdellement un degrd de sdcuritd ddtermind. 

Si done la Commission voulait reprendre les prescriptions 
allemandes, je proposerais de diviser les essais en deux classes: 

1° Essais pouvant foumir la preuve qu’un nouvel explosif 
poss^de le degrd de sdcuritd ndeessaire pour etre admis au trans- 
port par chemin de fer; 

2° Essais pouvant prouver la sdcuritd de chaque envoi en 
particular. 

Les essais prdvus au 1° ne devront avoir lieu qu’une fois; de 
plus, & chaque expedition, il faudra que la lettre de voiture porte 
une mention d’un chimiste agrdd par radministration, attestant 
que 1’ explosif expddid est le meme que l'explosif admis. 

Les essais prdvus au 2° ne pourront etre exigds que pour les 
explosifs qui, ou bien n’auraient pas satisfait aux essais prdvus 
au 1°, ou pour Iesquels ces essais ne donneraient pas s uffisamm ent 
de garanties. 

Note de MM. Will, Mente et Lenze (7 novembre 1911) 

En general, on se trouve bien des prescriptions allemandes 
concemant les explosifs k admettre au transport par chemin de 
fer. Elies sont maintenant en usage depuis deux ans et nous 
pouvons recommander de les prendre pour base des conventions 
intemationales. 

Tout d’abord, on parait satisfait du principe qui consiste k 
admettre au transport d’aprds les rdsultats d’un essai experimental 
ddtailld effectud suivant des prescriptions ddtermindes. Les 
exigences auxquelles les explosifs doivent satisfaire ont dtd fixdes 
en s’inspirant autant que possible des ndcessitds dc Pindustrie et 
avec la collaboration des fabricants d’explosifs, tout en te nant 
compte du degrd de sdcuritd ndeessaire pour le transport par 
chemin de fer. On est d’accord pour trouver bon le principe de 
proedder aux essais en prenant comme terme de comparaison 
un explosif approprid. 

II nous semble que certains changements de ddtail mdriteraient 
d’dtre considdrds. 

On se demande s’il ne serait pas possible de trouver un explosif 
de comparaison rdpondant mieux que la Donarite au but proposd 
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pour le groupe des explosifs au nitrate d’ammoniaque. Cet ex- 
plosif devrait avoir une composition plus simple et, au point de 
vue de certaines prescriptions des essais, satisfaire k des exigences 
moindres. II nous semble qu’avec la Donarite comme explosif 
de comparaison, on arrive k des exigences trop sdvSres pour ce 
qui coneerne Tdpreuve d 3 inflammation dans le recipient en t61e 
et peut-6tre aussi Tdpreuve de deflagration. 

II faudrait aussi examiner si Pdpreuve de resistance dans un 
dep6t chauffe k 75°, epreuve qui, actuellement, ne dure que 48 
heures, ne devrait pas avoir sa dur6e augmentee j usque huit 
jours. Tous les explosifs au nitrate d’ammoniaque fabriquds 
actuellement en Allemagne passent tr&s f acilement cette epreuve, 
et les quelques explosifs qui furent presentes jadis et ne reussirent 
pas k passer cette dpreuve, sans se decomposer, monts^rent qu’on 
ne pouvait pas avoir en eux entire confiance. II faut done que 
le “standard” de ces essais ne soit pas place trop bas, surtout 
qu’il arrive souvent que les explosifs, sans qu’il soit possible de 
les emballer de nouveau, doivent £tre aussi admis au transport sur 
navires marchands. 

On se demande aussi s’il ne serait pas convenable, maintenant 
que, depuis ^introduction de la nouvelle r^glementation des 
chemins de fer, on a k sa disposition un materiel tr£s considerable 
pour juger des proprietes des divers groupes d J explosifs, d’essayer 
de remplacer par un groupement plus general la si grande spe- 
cialisation dans la composition des explosifs et renumeration de 
chaque explosif en particulier (par exemple du groupe I), comme 
il etait necessaire de le faire avant que F experience que nous 
possedons actuellement ne flit acquise. II y aura k voir s’il ne 
conviendrait pas de faire k ce sujet une proposition plus precise 
d’ici k la date du prochain Congrfes international. 

Les prescriptions des essais ont ete interpret6es dans la pratique 
par V A dmini stration des chemins de fer en ce sens que Von 
range, au point de vue de leur admission au transport, les explo- 
sifs genre poudre noire, d’un maniement sans danger, dans le 
groupe I, et ceux du genre des explosifs au chlorate et au per- 
chlorate dans le groupe II. Cette classification a faite k la 
suite d’un essai d’incendie en grand (respectivement 500 et 200 
kilogrammes d J explosifs embalms r&glementairement) ♦ On se 
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demande si on ne pourrait, en le modifiant, rendre plus simple 
cet essai considerable et, en tous cas, eofiteux. Ici aussi, on a 
dej&, par exemple pour les poudres noires de maniement peu 
dangereux, des essais paralleles dans des caisses en t61e, mais 
on n*a pas encore definitivement pris position au sujet de ces 
essais. 

Pour les conventions intemationales on devrait designer 
co xmn e explosif de comparaison pour Pessai des munitions de tir 
de groupe B, une poudre que Ton puisse se procurer partout. 

Observations Relatives aux Notes Pr£cedentes et notre 

AVANT-PROJET DE CONCLUSIONS 

Les critiques de M. Bichel relatives au poids maximum d’ex- 
plosifs du groupe II qui peut &tre transports comme marchandise 
ordinaire, ne sont pas du ressort de la Commission Internationale : 
ce sont ]k des points de pratique administrative, spSciaux k 
chaque pays, oil notre Commission n’a pas k s'immiscer. 

II en est autrement de P observation judicieuse de M. Bichel 
critiquant la mise sur le m6me pied des explosifs k base de chlo- 
rate et de perchlorate, alors que les seconds sont beaucoup moins 
dangereux que les premiers; il y a Ik une de ces inconsequences 
auxquelles aboutissent tous les essais de classification chimique 
des explosifs, alors que seul le groupement d’apres un ensemble 
de propri£t6s reconnues est desirable. Nous reviendrons sur ce 
point plus loin. 

M. le Professeur Heise emet quelques critiques tendant k voir 
pr^ciser quand les essais sont obligatoires pour chaque groupe 
d’explosifs; il voudrait voir distinguer les essais de reconnais- 
sance de ceux qui, dans certains cas, devront accompagner les 
expeditions d’ explosifs. 

La note collective de MM. Lenze, Mente et Will resume en 
ses grandes lignes le resultat du nouveau r&glement allemand et 
sugg&re divers perfectionnements qui leur paraissent desirables. 

Il vous appartient, tr£s honore Coll&gue, de formuler toutes 
observations qui vous paraltraient opportunes sur les points 
souleves par Messieurs nos Collegues d’Allemagne. 

Mais pour h&ter le plus possible les travaux de notre Commis- 
sion et permettre de presenter des conclusions au prochain 
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Coagr&s, nous croyons devoir vous soumettre ci — dessousun avant- 
projet indiquant quels pourraient etre la classification et les 
iprewes de stability qui feraient Fob jet de conventions inter- 
nationales. 

En r6digeant cet avant-projet, nous sommes partis des prin- 
cipes exposes, dans le pr4c6dent rapport, au Congr&s de Londres, 
k savoir: 

1° Que les explosifs industries doivent seuls, pour le moment, 
du moms, 6tre considers par la Commission; 

2° Que les 6preuves k adopter internationalement doivent 
&tre en petit nombre et aussi simples que possible pour qu’elle 
puissent toujours etre reproduces ais&ment dans des conditions 
identiques. 

Ajoutons que ce sera d6j& un grand point acquis, vu les diffi- 
culty du probl&ne, si Ton parvient k se mettre d’ accord sur un 
petit nombre d’6preuves. 

La question restera ouverte, et, une fois Taccord 4tabli, ne 
ffit~ce que sur un ou deux points, il s ; 4tablira aisement plus tard 
sur d’autres, au fur et k mesure que la possibility apparattra 
d’adopter telle ou telle 4preuve suppl4mentaire. 

Nous allons done indiquer d’abord quelle pourrait etre, d’apr£s 
nous, la classification k adopter, puis nous proposerons un nombre 
restreint d'4preuves en rapport avec cette classification. 

1 CLASSmCATION 

On a vu, par le premier rapport, combien les classifications 
varient dans les diff4rents pays, sans r4ussir, par la multiplica- 
tion des classes, k grouper les melanges d’4gal danger. Cela 
provient, croyons-nous, de ce que Ton a voulu suivre de trop 
pr4s la composition chimique des explosifs, alors que le vrai 
crit4rium, dans une classification qui vise sp4cialement Fem- 
magasinage et le transport, reside dans les propriety qui 
traduisent la resistance des produits aux diverses causes de 
danger. 

II y aurait lieu de proposer une classification simplifi4e, bas4e 
sur ces propriety, et qui pourrait etre, par exemple, la suivante: 
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I. Explosifs plus sensibles au choc, susceptibles de detoner sous 
V action du feu 

Dans cette cat6gorie se rangeraient les dynamites, les nitro- 
celluloses, les fulminates (g6n6ralement exclus de tout transport), 
les explosifs aux chlorates, les picrates et ceux qui ne pourraient 
£tre ranges dans d’autres categories. 

Ces explosifs seraient notamment ceux rentrant dans le cadre 


ci-dessous indiqu4: 

a) Nitroglycerine 20 St 92% 

Nitrocellulose (collodion) 3 k 10 “ 

Nitrate d’ammoniaque, de soude, de potasse 5 St 30 “ 

Celluloses diverses, farine de seigle, de b!4, etc. . . 5 k 30 “ 

b) Chlorate de potasse 70 k 80% 

Derives nitres (nitronaphtaline, nitrotolufene, etc.) 2 k 15 “ 
Huile d'enrobement (huile de ricin, resine, etc.) . . 5 St 10 “ 


II. Les explosifs pratiquement insensibles aux chocs mais dejlagrant 
ou brtilant violemment sous V influence d’une flamme ou d’une 
Slivation brusque de la temperature 

Cette classe comprendrait la plupart des poudres noires et 
des poudres sans fum4e. Ce seraient les explosifs composes 
suivant les formules suivantes: 


A. Genre des poudres noires; 

Nitrate de sodium, de potasse, de baryum 70 k 75% 

Soufre 8 St 13“ 

Charbon de bois, brun, noir, etc 12 k 15 “ 

Matures inertes diverses 0 St 10“ 

B. Poudres sans fumSe; 

Nitrocellulose geiatinisee 0 k 100% 

Nitroglycerine geiatinisee 0 St 58 “ 

Paraffine, vaseline, camphre, etc 0 k 5 “ 

Nitrate de baryum, de potassium, etc 0 St 25 “ 
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III. Les explosifs pratiquement insensibles aux chocs et ne brUlant 
pas ou brlllani lentement sous V influence d’une flamme 

Cette classe renfermerait la plupart des explosifs au nitrate 
d'ammoniaque, y compris certains qui renferment du perchlorate. 
Les explosifs de cette classe seraient, notamment, ceux rentrant 
dans le cadre suivant: 

Derives nitres: Nitrotolu&ie, nitronaphtaline, nitro- 


benzine 5 k 15% 

Nitrate d’ammoniaque 60 k 90 “ 

Nitrates, chlorures, chromates, alcalins 20 k 40 “ 

Celluloses, glucoses, farines diverses, saccharoses, 

dextrines 4 k 10 “ 

Nitroglycerine 0 k 6“ 

Nitrocellulose 0 k 1“ 

Matures grasses, resines, etc 0 k 6“ 

Perchlorate d’ammonium 0 k 40 “ 


II. — Epretjves 

Tout le monde convient qu ? il faudrait des £preuves simples et 
peu nombreuses; il faut, de plus, que ces 6preuves puissent se re- 
produce partout, tr&s facilement, dans des conditions identiques. 

C’est pourquoi il nous a paru desirable de limiter les 6preuves 
k trois essais successes: le premier constituent une dpreuve 
eiiminatoire; faute d’y avoir satisfait, les explosifs seraient exclus 
de tout transport; c'est un essai de resistance k la chaleur. Un 
second essai de resistance au choc caracteriserait ensuite la classe 
I (dynamites et mati&res k y assimiler). Le troisiSme essai, en 
determinant la resistance au feu, isolerait la classe II (poudres 
deflagrantes) de la classe III. 

1° Essai de resistance k la chaleur suivant le mode indique 
dans le rfeglement allemand, c’est-&-dire par exposition k la 
temperature de 75° pendant 48 heures, sans qu’il resulte de 
diminution de poids ou de decomposition quelconque. La tem- 
perature pour les explosifs k base de nitroglycerine pourrait etre 
abaissee k 50°. Cette epreuve permettra de constater s'ils ont 
une tendance k Fexsudation. Elle sera combinee k un essai 
chimique qui consistera k constater que Pexplosif n ? a pas plus 
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de tendance k rougir le papier de tournesol apr&s Fexposition 
qu’avant. 

2° TJne dpreuve de resistance au choc par un essai au mouton 
dans les conditions suivantes qui nous paraissent les plus precises 
et qui sont la reproduction de F6preuve usit4e en Grande- 
Bretagne (voir note de M. Lundholm dans les premiers rapports). 

L’enclume, en acier, est recouverte d’une mince couche d’ex- 
plosif ( 1 Tam ) > occupant un cercle de 1 cent. 27 de diametre; 
F explosif est recouvert d’un cylindre en acier durci de 1 cent. 27 
de diametre et de meme hauteur; le mouton est constitu4 par une 
boule retenue par la piece polaire sph4rique d’un 61ectro-aimant; 
en interrompant le eourant, on provoque la chute de la boule de 
hauteurs r£glables. 

Suivant la hauteur n4cessaire pour amener la detonation de 
Fexplosif, la mature examinee rentrerait dans la categorie I 
(faible hauteur de chute) ou dans Tune des categories II et III. 

C’est pour specifier dans laquelle de ces deux demieres cate- 
gories Fexplosif devrait etre classe que serait fait F essai suivant: 

3° Essai de resistance au feu. Cette 4preuve ne vise pas la 
determination dela temp4ratre d'inflammation mais simplement 
le degre de danger que tel ou tel explosif peut presenter dans le 
transport. Un essai d’inflammation k la m£che ou k un bee 
Bunsen suffira immediatement pour caracteriser la classe II 
(poudres deflagrantes). 

Pour F admission k la classe III, F essai qui nous parait unir au 
maximum de simplicite une exactitude suffisante est celui du fer 
rouge: apr£s quelques essais preiiminaires sur de petites quan- 
tites pour constater d ; abord le peu d’inflammabilite relative du 
produit, on introduit un fer rouge dans une cartouche de 100 
grammes entour4e de son enveloppe; la matikre peut br filer 
Ientement, sans donner lieu k aucune explosion, et doit s’4teindre 
lorsque Ton retire la source de chaleur. 

Ces essais pourraient, naturellement, £tre toujours exig4s par 
^administration competente du pays oil entrent les transports 
d’ explosif s. Chaque envoi serait accompagne d’un certificat du 
directeur de Fusine indiquant la composition de Fexplosif et 
attestant qu’il a subi les 4preuves de classement. Sur le vu de 
cette pi4ce, ^administration comp4tente pourrait ne pas exiger 
^execution de ces essais. 
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On objectera peut-etre au premier essai qu’il est trop rigoureux 
pour les nitrocelluloses. Si vous le jugez ainsi, vous pourriez 
proposer une autre 4preuve 4quivalente pour ces composes. Re- 
marquons d J ailleurs que les nitrocelluloses ont une tres minime 
importance dans les explosifs industries, les composes qui les 
renferment 4tant tous des explosifs de tir dont, pour les motifs 
d4j& indiqu4s, la Commission croit ne pas devoir s’occuper. 

Nous vous saurions gr4, Monsieur et Honor4 Collogue, de 
nous faire parvenir avant le 15 avril les observations que suggfere 
la solution que nous avons esquiss4e plus haut. Apres examen 
de ces observations, nous pourrons proc4der k P41aboration d’un 
rapport d4finitif. 

Quelques collogues ont propos4, vu r41oignement du prochain 
Congr4s et rimpossibilit4 dans laquelle plusieurs d’entre nous 
pourront se trouver de se rendre en Am6rique, de nous r4unir 
en mai ou au commencement de juin dans une ville d’Europe, — 
Paris, par exemple, ou ailleurs, — en vue de nous concerter et 
d’arriver k un accord d4finitif. 

Veuillez nous dire si vous approuvez ce projet, quelle ville 
vous proposez et quel jour — approximativement — vous convien- 
drait. 

Mais pour que cette r4union soit efficace, il importe que, bien 
avant la date choisie, vos observations sur le rapport ci-dessus 
esquiss4 nous aient 4t4 envoy4es, de telle sorte qu’un projet 
d4finitif puisse 4tre discut4 et adopts. 

Agr4ez, Monsieur et honor4 Collfegue, Tassurance de notre 
consid4ration la plus distingu4e. 

Le Secretaire , Le President , 

Ad. Breyre. V. Watte yne. 


Annexe II 

Lettre-circulaire du 18 mai 1912 contenant les observations de 
MM . Will, Mente et Lenze } Heise, BartMlemy , Jacque et Lundholm 

Monsieur et Honor4 Collogue, 

Notre lettre-circulaire du 12 mars dernier signalait Putilit4 
d ? une r4 un ion de notre Commission fin mai ou au commencement 
de juin; la majorit4 de nos Collogues ont d4sign4 Paris comme 
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lieu de reunion et M. Bartheiemy veut bien mettre ses bureaux 
k notre disposition. 

Nous avons done fix4 cette reunion k Paris, au lundi 24 juin 
prochain, dans les bureaux de M. Bartheiemy, 66, chauss4e 
d’Antin (SoeieU frangaise des gourdes de surete). Une premiere 
s4ance aura lieu k 10 heures du matin; elle sera reprise, si besoin 
en est, It 3 heures de Fapr£s~midi. 

Pour hitter et faciliter la discussion, nous croyons utile de vous 
faire connattre les observations qui nous sont parvenues k la 
suite des propositions contenues dans notre lettre-circulaire 
rappefee ci-dessus. 


Note de M. Will 

Neubabelsberg, le 15 avril 1912. 

Apr4s conference avec MM. Mente et Lenze d’accord entre 
nous, nous avons Phonneur de fepondre k votre lettre du 12 mars 
ce qui suit: 

Nous nous sommes d’abord occup4s des lettres de M. Bichel 
et de M. Heise. Pour ce qui conceme les dires de M. Bichel au 
sujet du danger que pr4sentent les explosifs au chlorate et ceux 
au perchlorate, il faut convenir qufen g4n4ral, les perchlorates, 
comme elements constituants d’explosifs, doivent 6tre regard4s 
comme 4tant moins dangereux que les chlorates. Cependant, 
il fesulte des experiences dont nous avons examine les fesultats, 
que les melanges au perchlorate en question se placent, au 
point de vue de leur sensibilite et de leur tendance k exploser, 
entre les melanges analogues au chlorate et ceux au salp£tre; 
mais, au point de vue de leurs proprietes, ils se rapprochent 
davantage des explosifs au chlorate que de ceux au salp&tre, et 
Iorsqu’on a procede k la division des explosifs en classes suivant 
le degr4 de danger quails pr4sentent, on a ete d’avis que la dif- 
ference de sensibilite entre les explosifs au chlorate et ceux au 
perchlorate ne justifiait pas la classification de ces deux sortes 
d’explosifs en deux classes distinctes. 

Pour ce qui concerne la question dfexpedition en charges de 
200 ou de 500 kil. k la fois, nous partageons votre avis que e’est 
lit un point k r4gler par chaque pays separement. 

Concernant la lettre de M? Heise, il nous parait exister un 
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malentendu. Le r&glement allemand n°. 1 pour le transport 
par chemin de fer, (annexe Cl a), prescrit que pour chaque ex- 
pedition il doit etre foumi une preuve d’aceomplissement des 
essais devant decider si l’explosif est ou non admissible au 
transport par chemin de fer. 

On a eu suffisamment de confiance dans Pindustrie pour 
trouver inutile de faire contr61er cette preuve chaque fois par 
F Administration et, jusqu^ present, on n’a pas k regretter cette 
confiance. 

Les attaques contre r exigence d’un essai de la nitroglycerine 
servant k la fabrication des poudres ne nous paraissent pas non 
plus justifies. II parait, en effet, raisonnable d’attirer Patten- 
tion des fabricants sur ce fait qu’une poudre k admettre au 
transport par chemin de fer ne doit 6tre fabriquee qu’avec une 
nitroglycerine bien stable, et, par consequent, F4preuve exigee 
doit se faire dans la fabrique d’une fagon serieuse. 

Quant aux propositions de M. Heise pour le cas oil la Commis- 
sion intemationale adopterait le r&glement allemand, on peut 
les accepter d’autant mieux que, pour chaque expedition, la 
prescription citee plus haut exige une attestation concernant 
egalement Femballage. 

Finalement, pour ce qui conceme votre proposition d’une 
nouvelle classification des explosifs k admettre au transport par 
chemin de fer, nous devons dire qu’elle nous plait par sa sim- 
plicity on nous permettra cependant de remarquer que, lors du 
premier essai de redaction du r&glement allemand, c’est de ce 
principe qu’on est parti en premiere ligne. Ce n’est qu’en classi- 
fiant les explosifs qu’on a reconnu Favantage ou la necessite de 
diviser davantage, en partie en consideration des exigences, 
reconnues fondees, du service de transport. Nous craignons que, 
lorsqu’on se mettra k vouloir faire entrer dans les categorie 
proposees par vous tous les explosifs, on ne se heurte de nouveau 
k de pareilles difficult^. 

Nous reconnaissons neanmoins, et, en cela, confirmons nos 
remarques precedentes, que, en certaines parties, notre r&gle- 
ment pour le transport par chemin de fer, annexe C, est encore 
susceptible de simplification, surtout dans la partie concernant 
le groupe I; mais, jusqu’& present, il ne nous a pas £t6 possible 
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de proc6der k cette simplification, le materiel experimental k 
notre disposition 4tant insuffisant. 

Agr 4ez, etc. 

II. — Note be M. Heise 

Bo$hum, le 9 avril 1912. 

Les propositions faites par votre lettre du 12 mars dernier 
concemant la division en classes des explosifs et les essais auxquels 
ces explosifs devraient etre soumis pour etre admis au transport 
par chemin de fer, different irks sensiblement des prescriptions 
allemandes. Le point de vue auquel vous vous placez ne me 
semble cependant pas injustifi4. Notre r4glement allemand, 
outre que sa redaction est d4fectueuse k mon avis, est beaucoup 
trop s4v4re et part d’un point de vue trop peu g4n4ral pour qufil 
puisse 6tre pris comme base d'une entente intemationale. 

Dans votre lettre, vous dfoirez diviser les explosifs en trois 
classes; de m§me, l’examen que devrait subir chaque explosif 
ne comprendrait- essentiellement que trois 4preuves. Cette 
simplification constituerait un progres notable. 

La Commission intemationale doit restreindre son action aux 
“ explosifs industriels,” cela veut dire, sans doute, les explosifs 
employes dans les exploitations industrielles telles que mines, 
minieres, carri4res, par opposition aux explosifs de tir et de 
guerre. Cependant, nous voyons figurer en groupe s4par4 les 
poudres sans fum4e qui, pourtant, ne sont utilis4es, en pratique, 
que pour le tir. 

On propose done de diviser les explosifs en trois classes: 

Classe I. — Explosifs tr&s sensibles aux chocs et au feu. 

Classe II. — Explosifs peu sensibles aux chocs mais tr4s 
sensibles au feu. 

Classe III. — Explosifs peu sensibles aux chocs et au feu. 

Cette division est bas4e sur les dangers auxquels les explosifs 
peuvent 4tre expos4s au cours de leur transport en chemin de fer. 
Nous pr4sumons que ces dangers comprennent les collisions et 
d4raillements (choc) ainsi que Pincendie (feu). Comme il peut 
difficilement etre question d’autres dangers, on peut approuver 
la division propos4e; on peut se demander pourtant comment, 
en pratique, on r4alisera cette division en trois classes. 



xxv] Congress of Applied Chemistry 279 

Vous parlez de trois 6preuves differentes auxquelles les explosifs 
devraient successivement satisfaire. D'apr&s les rSsultats de ces 
epreuves on d6ciderait d’abord si l’explosif pent £tre admis au 
transport par chemin de fer; suivant les rgsultats des deux autres 
epreuves, Pexplosif serait classe dans Tune ou l’autre des trois 
categories. 

L’ epreuve n°. 1 consiste k exposer Pexplosif pendant 48 heures 
k une temperature de 75° C; au cours de cette epreuve, il ne 
doit ni se decomposer ni diminuer de poids. Cette temperature 
de 75° serait reduite, pour les explosifs k la nitroglycerine, k 50°. 
De plus, apr&s cette epreuve, les explosifs ne doivent pas avoir 
plus de tendances k teinter le papier toumesol qu’avant. 

L J epreuve n° 2 est celle du mouton k la mani&re anglaise. 

L’epreuve n° 3 consiste k examiner la mani£re de se comporter 
de Pexplosif en presence du feu (avec mdche, bee Bunsen, fer 
rouge). 

Supposons qu’un explosif a satisfait k Pepreuve n° 1. A 
Pepreuve n° 2 (mouton), il detone sous le choc d’un boulet de 
0.5 kil. tombant d’une hauteur de 0 m 20. A Pepreuve n° 3, il 
s’enflamme, quoique difficilement, au contact d’une flamme de 
Bunsen. On peut obtenir ces resultats, par exemple, avec la 
Nobelite ou la Gelatine carbonite. Dans quelle classe ranger un 
tel explosif? Pas dans la classe III, puisqu’il s’enflamme au 
contact d’une flamme Bunsen: dans la classe I ou dans la classe 
II? Il est impossible de le dire. L’epreuve du mouton manque 
d’un “ standard.” Si on veut que cette epreuve soit utile, il faut 
ou bien fixer pour chaque classe une certaine hauteur de chute 
j usque ou en-dessous de laquelle Pexplosif ne doit pas detoner 
(naturellement, le poids du mouton serait aussi determine), ou 
bien il faut faire appel, pour chaque classe, k la comparaison avec 
un explosif type. A mon avis, ce dernier procede serait le 
meilleur. 

Sous ces reserves, la division proposee des explosifs en trois 
classes serait peut-4tre possible. 

Par contre, je ne suis pas partisan du principe, tel qu’il se 
trouve en annexe, d’etablir des distinctions bas4es sur la com- 
position chimique. Prenons, par exemple, la classe I; les com- 
positions chimiques y citees ne s’ appliqueraient pas k la carbonite, 




280 Original Communications: Eighth International [vol. 

celle-ci contenant plus de 30% de farine. De plus il n’est pas 
possible de n’admettre dans la classe II que la poudre noire et 
les poudres sans fum6e; la denomination m£me de “poudres 
deflagrantes” pour la classe II couvrirait encore un champ trop 
restraint. II est, en effet, tr£s possible que les r4sultats de 
F epreuve n° 2 (inflammation par m£che ou par Bunsen)feraient 
admettre dans cette classe maints explosifs au perchlorate ou au 
nitrate d’ammoniaque (par exemple, ceux contenant une forte 
proportion d’aluminium). Pour ranger les explosifs dans le 
trois categories proposes, il ne faut se baser que sur les r&ultats 
des trois 4preuves en question. 

Pour ce qui conceme ces 4preuves elles-memes, on ne pourrait 
objecter contre F epreuve n° 1 que sa s4v4rit4, peut&tre excessive, 
pour les nitrocelluloses. Il est vrai que ces explosifs sont fort 
peu employes dans l’industrie. Il faudrait cependant, pour 
F execution de cette epreuve, edicter des prescriptions suppie- 
mentaires (composition de l’explosif avant Fepreuve, quantites 
d’explosifs, etc.) plus ou moins comme le r£glement allemand, 
aux paragraphes 1-3. 

L’epreuve n° 2 a pour but de seiectionner les explosifs k 
admettre dans la classe I. On pourrait peut-etre, objecter que 
repreuve du mouton ne donne pas de resultats exacts. Ce- 
pendant, le reglement allemand, lui aussi, attache k cette epreuve 
une grande importance; mais l’emploi de la manure anglaise 
constitue un progr^s, en ce sens que la chute du boulet est pro- 
voquee par Faction d’un electro-aimant. Pour le reste, il faudrait 
encore, pour cette epreuve, entrer dans plus de details (poids du 
boulet, temperature k laquelle se fait Fessai, nombre des essais, 
detonation complete ou partielle), comme les mentionne le 
reglement allemand sous la rubrique I 6 a. 

L’epreuve n° 3 paralt, k premiere vue, tres simple. Il faudrait 
cependant que les conditions en soient egalement exactement 
determinees. Avec la meche, il n’est m&me pas toujours possible 
d’enflammer la gelatine dynamite; presque jamais on n’arrive 
k enflammer les nouveaux explosifs de shrete contenant 20 k 30% 
de nitroglycerine. Par contre, une flamme de Bunsen enflammera 
presque tous les explosifs, m§me la plupart de ceux au nitrate 
d’ammoniaque; il est vrai qu’une partie d’entre eux s’eteindra 



Congress of Applied Chemistry 


281 


xxv] 


lorsqu’on retirera la flamme du Bunsen. Quoi qu’il en soit, il 
vaudrait mieux classer dans cette cat6gorie les explosifs qui, au 
contact d’une fiamme de Bunsen, non seulement s’enflamment 
mais continuent de brtller une fois retiree la source de chaleur. 
D’ailleurs, en pratique, cette <§preuve ne pourrait s’appliquer 
qu’aux explosifs qui, d’apr&s les rfeultats de TSpreuve n° 2, 
seraient d6j& k ranger dans la classe III. 

En r6sum6, je suis partisan de vos propositions, mais aussi, 
de Introduction d 5 explosifs de comparaison aussi simples que 
possible, ce qui permettrait de mettre en limi&re les differences 
inevitables entre les resultats des essais. 

Agrees, etc. 

III. — Note de M. Bakth^lemt 

Paris, le 27 avril 1912. 

«Fai rhonneur de vous informer que les personnes competentes 
que j’ai consumes ne font qu’une seule objection au mode 
d’6preuve de resistance k la chaleur que vous proposez: on 
trouve qu’un essai de 48 heures k 50° est insuffisant parce qu’il 
pent tr&s bien se faire que, dans le midi de la France ou en 
Algerie, des explosifs se trouvent sounds dans des wagons fermes 
pendant plus de 48 heures k une temperature voisine de 50°. 
On pense generalement que F essai de resistance k la chaleur 
devrait &tre au moins de quatre jours k 75° ou de huit jours 
k 50°. 

A part cela, votre pro jet de classification et d’Spreuves sim- 
plifi4es ne peut 6tre qu'approuvA 

Veuillez agreer, etc. 

IV. — Note de M. Jacqtt^i 

La Cantabrica, le 6 avril 1912. 

Quoique les r&glements allemands concemant les explosifs 
paraissent satisfaisants dans leur ensemble, il serait assez difficile 
de les faire accepter d’une fa$on absolue dans tous les pays sans 
leur faire subir des modifications de detail, dans le but de sim- 
plifier les 6preuves impos6es et de faciliter les conditions de 
transport, sans causer d’ailleurs le moindre prejudice soit aux 
Compagnies de transport, soit au public en g6n6ral. Ces modi- 
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fications sont de deux ordres: les premieres se rapportent aux 
6preuves &’ admission des explosifs et au classement qui en r6sulte; 
les secoudes ont trait aux conditions de transport. 

Des Epretjves et du Classement des Explosifs 

Tout d’abord, le principe d’apr&s lequel les explosifs ne doivent 
6tre admis au transport que lorsque leur composition et leurs 
proprieties sont bien connues et ont fait l ? ob jet d'essais d6taill4s 
n’est pas discutable. Tout le monde est aussi d’accord pour 
reconnaitre que le meilleur moyen de classement consisterait k 
comparer Pexplosif examine avec quatre ou cinq types bien 
etudies, dont Tinflammabilite, les sensibilites au choc, k la fric- 
tion, la susceptibilite de faire explosion dans des conditions 
variees (masse, explosion k Pair libre ou en vase clos, sous Pin- 
fluence de detonateurs de plus en plus actifs, etc. . . .) ont ete 

bien determinees une fois pour toutes. On a ainsi un moyen 
commode de fixer rapidement k quelle categorie un explosif 
nouveau doit etre rapporte; sa composition meme la determine 
presque d'avance et, en tout cas, des essais comparatifs tr&s 
simples avec les explosifs types verifieraient rapidement les 
presomptions. 

La Classification 

La classification proposee par notre tr&s honore President 
parait excellente; je me permettrai cependant de faire remarquer 
qu'il y aurait peut-£tre lieu de cr6er une classe speciale pour les 
detonateurs (fulminates et succedanes), ces produits devant 
toujours etre separes des explosifs proprement dits, pendant le 
transport des explosifs. D’autre part, il me semble que les r&gle- 
ments sont encore bien s6v&res pour les nitrocelluloses contenant 
de 30 k 35% d’eau et de stabilite prealablement reconnue: le 
transport effectue dans de semblables conditions est moins 
dangereux que celui de la paille s£che. A mon avis, on devrait, 
consid^rer ce genre de matures comme marchandise ordinaire, 
au moins pour les transports peu lointains. Quant k la nitro- 
cellulose s&che, il est clair qu'il faut la ranger dans la classe des 
dynamites et des explosifs chlorates avec ddriv^s nitres divers et 
huiles d’enrobement. Dans ce groupe entreraient tous les explo- 
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sifs qui offrent des dangers analogues k ceux de la dynamite n° 1 
au point de vue choc et inflammation, et k ceux d’un type chlo- 
rate, qui pourrait etre par exemple 85% de chlorate de potasse 
et 15% de r&ine, au point de vue friction et choc. 

II est tout k fait plausible de faire une classe k part des diverses 
poudres du type “poudre noire” et d’y r£unir les poudres sans 
fum4e, colloidales diverses de stability eprouv6e. Les unes 
comme les autres ne pr^sentent d’autre danger r^el que celui 
d’inflammation au contact de la fiajnme. 

Quoiqu’elle paraisse bien vaste, la classification, en un seul 
groupe, des explosifs k base d ; hydro carbures nitr4s, nitrates alca- 
lins, chromates avec addition de r&ines, paraffines, etc., et moins 
de 6% de nitroglycerine serait bien commode. On ne peut 
s’emp6cher cependant de faire remarquer que, si presque tous 
les explosifs de cette eatygorie sont k peu pr£s exempts de dangers 
tant au point de vue transport qu’au point de vue emmagasinage, 
il y en a cependant quelques uns qui sont de v6ritables explosifs, 
tandis que d’ autres sont tellement insensibles au choc et si dif- 
ficilement inflammables qu’on se demande pourquoi on leur 
appliquerait une regimentation sp6ciale. C’est ici sans doute 
que la comparaison avec des types d’une insensibility connue 
rendrait service pour yiiminer de la classification comme explosifs 
ceux des produits qui n’y figurent que parce que Ton sait 
d’avance Femploi auquel ils seront destines. Tels sont par ex- 
emple les explosifs incomplets oil la mature combustible (hydro- 
carbures faiblement nitres avec addition de tr£s faibles quantit6s 
de nitroglycyrine et de paraffine, cires, etc,) est transports 
indypendamment du comburant. 

Au sujet des perchlorates, je suis tout k fait de Favis de M. 
Bichel; si Fon ne veut pas en faire une classe sp6ciale, les explosifs 
contenant moins de 40% de perchlorate pourraient parfaitement 
faire partie du groupe III propose par M. Watteyne. Certains 
melanges de perchlorate d’ammoniaque et de nitrate de soude 
avec des comburants convenablement choisis r5unissent toutes les 
conditions de security, k tous les points de vue, des types les 
moins sensibles des explosifs du genre Favier. Mais lorsqu’il 
s’agit d’explosifs chloratys ou perchloratys, il y a toujours lieu 
de se mettre en garde contre certaines associations qui peuvent 


284 Original Communications: Eighth International [von. 


devenir dangereuses. II y a des cas od la connaissance de la 
composition chimique permet d’opposer un veto absolu k Tad- 
mission de certains melanges en apparence inoffensifs. 

Les Eprexjves 

Si la composition de Pexplosif est telle qu’il ne puisse, dans des 
conditions normales, etre susceptible de modifications dan- 
gereuses faciles k pr4voir, les £preuves auxquelles M. Watteyne 
propose de soumettre les explosifs nous paraissent tout k fait 
suffisantes en ce qui conceme la question du transport et de 
Pemmagasinage. 

H sera bon toutefois d’attirer Pattention sur certaines incom- 
patibilit6s: par exemple, un explosif contenant du nitrate 
d’ammoniaque et du chlorate de potasse est dangereux a priori 
puisqu’il peut se former du chlorate d’ammoniaque, corps qu’il 
faut autant que possible £viter, k cause de sa grande sensibility 
pour la m6me raison, on n’admettra pas de melanges perchlorate 
d’ammoniaque et chlorate de potasse, etc. Pour des raisons 
analogues, on n’admettra qu’avec la plus grande prudence des 
melanges contenant des picrates ou crSsylates d’ammoniaque, de 
Pacide picrique ou du trinitrocr^sol en presence de chlorates. 
Les nitrates de plomb sont aussi dangereux en presence de picrate 
de potasse, etc.; le permanganate de potasse et en g4n£ral les 
oxydants violents sont suspects en presence de mati&res cellu- 
losiques finement moulues. II ne serait peut-etre pas inutile de 
tenir compte de ces incompatibility puisque des explosifs qui 
pourraient passer les £preuves, n’en seraient pas moins sus- 
ceptibles de donner lieu k des surprises d6sagr6ables au bout 
d’un certain temps (Transports lointains). 

1° Cela posd, Pessai de chaleur It une temperature de 50° 
pendant 48 heures avec examens d’acidite et d’etat physique et 
chimique avant et apr&s Pessai suffira en general k constater 
la resistance bonne ou mauvaise des explosifs k base de nitro- 
glycerine: quant aux pertes de poids, il ne faudrait pas leur 
donner une grande importance, si elles sont faibles: elles peuvent 
etre dues en effet k une petite perte d’humidity cette derniere 
est tou jours notable avec les produits qui contiennent des sels 
hygroscopiques (nitrate d’ammoniaque, nitrate de soude, per- 
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chlorate d’ammoniaque, chlorure de magnesium, etc.) Mais la 
comparaison des autres epreuves (choc et inflammation) faite 
sur le produit avant et apr&s dessication gnidera toujours con- 
venablement Fobservateur. II suffira, apres examen de Pacidite, 
de s' assurer que la resistance au choc (aprfes refroidissement) et 
la resistance au feu n’ont varie que d’une fa§on k peine sensible. 
II peut parfois y avoir une tr£s l£g&re variation dtie k un depart 
d'humidite. 

2° Pour repreuve de resistance au choc, nous employons 
aussi de preference la boule spherique tombant en chute libre, 
syst&ne qui nous paratt plus rationnel que ceux oh la masse 
pesante est guidee et par consequent peut £tre soumise k des 
frottements imprevus qui modifient les conditions du choc. Un 
autre procede, commode dans bien des cas, consiste k essayer 
Faction de detonateurs successivement croissants sur une car- 
touche metallique longue et etroite. La quantite de fulminate k 
employer donne une idee exacte de la sensibilite au choc et de la 
tendance k la propagation de F explosion. 

3° L’essai au fer rouge, tel que le decrit M. Watteyne, est 
suffisant pour permettre de ranger un explosif dans la classe III, 
telle qu ? il la deficit. 

II ne resterait plus k parler que du cas ou la matiere examinee 
n’a pas les proprietes explosives qui justifient P application d’un 
tarif special, mais contient cependant un melange de mati&res 
qui peuvent servir k fabriquer des explosifs. II semble qu’une 
fois Pinsensibilite au choc et k la friction bien etablie, il suffirait 
de demontrer qu’un incendie entretenu dans une masse de 25 
ou 30 kg. du produit peut etre aussi facilement eteint que le 
serait une m£me quantite de paraffine ou de cire maintenue en- 
flammee dans les m§mes conditions. Sffi en est ainsi, nul ne 
niera que la mature examinee n'est pas reellement un explosif 
au point de vue transport et emmagasinage. 

En resume, sauf ces quelques petites observations, la classifi- 
cation et les epreuves proposees dans Pavant-projet de notre 
tr£s honore President reunissent k la fois Pexactitude et la sim- 
plicite qui, suivant sa tr£s juste remarque, sont indispensables 
pour que le r&glement international projete puisse etre adopte. 
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Conditions de Transport 

Je ne crois pas que Pon puisse faire aux conditions de transport 
telles qu’elles sont ordonnSes par le nouveau r&glement allemand 
d’autres objections s£rieuses que celles qu’a d6j& formulas M. 
Bichel, k savoir qu’il convient de de faire une distinction entre les 
explosifs chlorates et les explosifs perchlorates, surtout lorsqu'il 
s’agit d’ explosifs contenant moins de 45% de perchlorates. II 
serait equitable qu’on fasse entrer dans le groupe I du r&glement 
allemand (nouveau groupe III de M. Watteyne) ceux de ces ex- 
plosifs qui satisfont aux conditions de securite imposees au dit 
groupe; tout au moins pourr ait-on sans inconvenients elever 
notablement la quantite d’explosifs de ce genre qui est actuelle- 
ment autorisee a voyager comme colis avec les marchandises 
ordinaires. II y aurait lieu aussi de demander que les melanges 
auxquels nous faisons allusion (matures destinees k la fabrica- 
tion des explosifs, mais pratiquement insensibles au choc et peu 
inflammables) soient consideres comme marchandises ordinaires 
et puissent voyager comme telles, sans entrave d ; aucune sorte. 

Agrees, etc. 

V. — Note de M. Ltjndholm 

Londres, le 26 avril 1912. 

J'ai examine les observations formuiees dans divers pays et 
portees k la connaissance de la Commission par votre lettre- 
circulaire du 12 mars 1912. Je ne crois pas que notre but puisse 
etre atteint par le choix d'un petit nombre d ; 6preuves seulement, 
parce que les dangers des explosifs, d6jk nombreux, augmentent 
au fur et k mesure de P apparition de nouveaux groupes. 

Le desir de n'avoir que quelques epreuves simples est commun; 
mais, comme ces Epreuves doivent constituer une garantie que 
les explosifs qui les ont subies sont propres au transport, k 
Pemploi et k un emmagasinage prolong^ dans des climats varies, 
sans danger, un petit nombre d^preuves ne suffisent pas, k mon 
avis. 

Un certificat de composition donn6 par un fabricant stranger 
et int6ress£, ne pourrait pas non plus 4tre consid<5rd comme 
suffisant. Le risque pour le public est trop grand. 
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Voici quelques exemples pour montrer de quelle fagon les 
epreuves ont augments en Grande-Bretagne. 

Lorsque le fulmi-eoton etait le seul explosif brisant, — car la 
nitroglycerine etait interdite, — F epreuve d’ Abel, la determination 
de la temperature de detonation et Fexamen au papier tournesol 
etaient les seules epreuves en vogue. 

Lorsque la dynamite k la Guhr fut inventee, F epreuve d'Abel 
resta comme epreuve de stabilite chimique, quoiqu’on y apport&t 
quelques changements en pratique. Mais, en outre, il fallait 
inventer des epreuves d’exsudation et de sensibilite k la friction 
et au choc. Lors de Fintroduction des explosifs gommes, on a 
garde repreuve d'Abel pour la stabilite chimique, mais il fallut 
en modifier le mode d’emploi; on conserva les autres epreuves 
et on en ajouta une pour la liquefaction. 

Avec Fintroduction du chlorate de potasse dans les explosifs, 
ou dut instaurer une epreuve pour la sensibilite plus grande k la 
friction causee par un long emmagasinage, pour la facilite d'ig- 
nition et pour la combustion spontanee. Les nitrates de soude 
et d’ammoniaque ont souleve la question d’ absorption de Fhu- 
midite, et la presence d’humidite suggera la possibilite d'une 
reaction entre les ingredients d’un explosif en magasin. 

En Allemagne, oil on peut transporter certains explosifs par 
ehemin de fer comme marchandises, en quantites limitees ou 
illimitees, il devint necessaire devoir d’autres epreuves encore. 

Pour illustrer la difficulte et la fagon de la toumer, supposons 
qu’un explosif Ex . . . ite ait ete invente en Belgique; on 
ne considererait pas comme stire Fimportation de cet explosif en 
Grande-Bretagne, sur la simple preuve de ce qu’il donne des 
resultats satisfaisants lorsqu'on le soumet: 1° k un essai au 
mouton; 2° k un essai de resistance au feu, et 3° k la chaleur, 
m£me si, outre cela, on a pu obtenir des fabricants un certificat 
de sa composition et des epreuves qu’il a subies k Fusine. 

Mais s’il ne faut pas s’attendre k ce qu’Ex ... ite soit 
introduit en Grande-Bretagne, sur la simple foi de quelques 
epreuves ordinaires, il pourrait facilement etre importe s’il avait 
ete d’abord experimente par le Ministdre de Flnterieur de 
Grande-Bretagne et place sur la “liste autorisee.” Un douanier 
prend des echantillons d’un explosif autorise, k son arrivee, et 
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permission est donn4e de transporter et emmagasiner F explosif 
jusqu*& ce que les 4preuves soient termin4es, ce qui prend au plus 
dix jours, apres quoi, si F4preuve est satisfaisante, F explosif est 
admis k la consommation immediate. 

L’unification des 4preuves serait alors tr&s simplifi4e, parce 
qu’il n’y aurait pas besoin de Fappliquer aux 4preuves d’autorisa- 
tion. Chaque pays se servirait de ses 6preuves pour placer un 
explosif sur sa “liste autoris4e.” L’uniformit<§ ne s’appliquerait 
alors qu’aux 4preuves ordinaires lors de F importation d’un 
explosif autorisA 

L’6preuve de stability chimique pour la Grande-Bretagne sera 
et restera F4preuve d’Abel. Un comit4 d’ experts fut form4 il y 
a trois ans par le Gouvernement, sous la pr4sidence du Com- 
mandant Cooper-Key, Inspecteur en chef des explosifs de S. M. 
— Les Ministferes de FInt4rieur, de la Guerre et de la Marine et 
de V Industrie sont repr4sent4s dans ce comit4, et un certain 
nombre d'importants laboratoires ont contribu4 k ses investiga- 
tions. A la premiere stance du comit4, il fut d4cid4, k Funan- 
imit4, qu’aucune 4preuve, dans aucun pays connu des membres, 
ne pourrait remplacer l’4preuve d’Abel pour les 4preuves de 
stability des classes d’explosifs pour lesquelles on l’emploie dej&, 
mais que cette 4preuve a des d4fauts auxquels il faudrait rem6dier. 
Le Comit4 a essay4 depuis trois ans d’4tablir un type d’appareils, 
de produits chimiques et de m4thodes de se servir de l’4preuve 
pour divers explosifs, mais il y a encore k faire avant que toutes 
les causes de differences soient 41imin4es. Il r4sulte de cel&, 
cependant, que l’4preuve d’Abel restera plus que jamais l’4preuve 
de stability des classes d’explosifs k la nitroglycerine ct k la 
nitrocellulose, pour la Grande-Bretagne, ses colonies et pro- 
tectorate 

Yu les raisons exposees ci-dessus, je proposerai: 

1° Que chaque pays fasse essayer les explosifs pr4sent4s k 
l’examen, de la manure que des experts considereraient comme 
necessaire, de manure k prouver que ces explosifs sont propres 
au transport, k Femploi et k Femmagasinage, pour de longues 
p4riodes, dans les conditions climat4riques de ces pays et celles 
de leurs colonies; que les explosifs qui r4sistent k l’4preuve, et 
seulement ceux-ci, soient places sur la liste comme “autoris4s,” 
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2° Que les explosifs autorises imports soient fabriqufe k 
Fusine d’oil viennent les echantillons, et exactement de la m£me 
mani&re que les echantillons qui out subi avec suec&s Fepreuve 
pour Fautorisation. 

3° Qu’un explosif sur la liste “autorisee” puisse Stre imports 
gr&ce k une licence d61ivr6e par F autorite comp6tente. La de- 
mande de licence devrait donner la composition de P explosif et 
declarer que c’est la meme, chimiquement et physiquement, que 
celle de meme denomination figurant sur la liste “autoris4e.” 
A Parriv4e du chargement, les officiers de douane, ou toute autre 
personne autorisCe, prennent un echantillon et le remettent au 
laboratoire des chimistes du Gouvemement. L’officier de 
douane, ou toute autre personne autoris£e, devra aussi s’assurer 
que Pemballage est fait suivant les regies. 

4° L’ explosif devra etre transports dans un magasin pour y 
6tre emmagasinS, mais ne doit pas Stre enlevS de Ik jusqu’& 
autorisation de P autorite compStente. 

Les Spreuves seront les suivantes: 

1° Analyse pour verifier la composition; 

2° Epreuve d’Abel pour la stability chimique, pour les explo- 
sifs contenant de la nitroglycerine ou des nitrocelluloses; 

3° Examen visuel pour Pexsudation et la consistance, pour 
les explosifs contenant de la nitroglycerine. 

L’autorite compStente pourrait avoir le droit d’ autoriser Fim- 
portation des explosifs non autorisSs pour des buts spSciaux dans 
des conditions qui donneraient une protection raisonnable au 
public. 

AgrSez, etc. 

M. le Colonel Yitali a declare prSfSrer exposer ses vues k la 
reunion de Paris. 

M. Spica fait a savoir qu’il acceptait les propositions faites, 
d’autant plus que Fon pourra encore dSbattre les points de 
detail. 

Comme vous Faurez vu par les notes reproduces ci-dessus t 
Faccord n’est pas loin d’etre fait en principe sur les propositions 
que nous avons eu Fhonneur de vous soumettre; k part la 
mani&re de voir de M. Lundholm, d’apr&s laquelle, semble-t-il, 
les travaux de notre Commission ne pourraient aboutir, les 
n 
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observations pr4sent4es visent plut6t des points de details qui 
pourront etre rapidement r4g!4s le 24 juin; nos propositions 
n’4taient naturellement qu’une 4bauche et Ies remarques de 
divers de nos collogues sont parfaiteraent fondles : les d4tonateurs 
doivent former une classe sp6ciale; certaines compositions 
dangerenses doivent &tre exclues k priori; il faut determiner les 
conditions exactes de F4preuve du mouton et au fer rouge, etc. 

II appartiendra k la Commission de pr4ciser tous ces points 
dans la reunion du 24 juin. 

Comme ce sera vraisemblablement F unique reunion prdalable 
et que plusieurs d’entre-nous, sans doute, ne pourront assister au 
Congrfes, nous vous prions de vouloir bien, d’ici au 24 juin, 
examiner attentivement les notes ci-jointes et preparer des con- 
clusions que nous puissions adopter ddfinitivement, de fagon k 
ce qu 7 un rapport final puisse etre 4tabli sur ces bases. 

Dans le cas ou vous seriez emp4ch4 de vous rendre k la reunion 
du 24 juin, nous vous serions bien obliges de nous faire parvenir 
plusieurs jours avant cette date, Fexpos4 de votre manure de 
voir et vos propositions. 

Agr4ez, Monsieur et Cher Coll&gue, F assurance de notre con- 
sideration la plus distingu4e. 

Le Secretaire , Le President, 

Ad. Breyre. Y. Watteyne. 


Annexe III 

Lettre de M. Gey van Pittius 

Malabar (pr&s Bandoeng), le 27 avril 1912. 

En r4ponse k votre lettre du 12 mars, j’ai Fhonneur de vous 
communiquer que je suis enticement d’accord avec vous sur la 
classification des explosifs d'apr&s leurs quality et non d’apr&s 
leur composition chimique. Seulement je me permets de sou- 
mettre k votre haute competence les observations suivantes: 

Dans la composition des poudres sans fum4e, il faut lire: 
Nitrocellulose plus ou moins g41atinis6e, 0 k 10%, puisqu’il y a 
des poudres de chasse contenant des salp&tres, qui ne sont pas 
tout k fait g41atinis4es, en outre il y a poudres k tir blanc (pour 
usage militaire) qui ne sont pas g41atinis4es du tout. 
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De m£me, il faut lire k la demi£re ligne: nitrate de baryum, 
de potassium, amidon 7 etc., vu qu’il y a des poudres peu gelatin- 
ises qui contiennent de Famidon. 

Dans la composition des explosifs de la classe III, il faut 
aj outer: Nitrocellulose, 0 k 1%, puisque parmi les explosifs de 
stlret6, il y en a qui contiennent de la nitroglycerine qui g£ n6r- 
alement est g61atinis£e (avec la nitrocellulose). 

Au perchlorate d’ammonium, il faut aj outer les perchlorates 
de potasse et de sodium. 

Dans Pessai de resistance k la chaleur, il faut ajouter apr&s 
“perte de poids,” en plus de la perte d y eau hygroscopique . 

En ce qui regarde Pessai de resistance au feu, je crains que 
cette epreuve au “fer rouge” (outre la question de degre, rouge 
fonc6, rouge clair, blanc rouge&tre) ne soit trop rigoureuse pour 
les cheddites qui en general sont considers comme explosifs de 
sftrete (p. e. en Alg6rie) et qui, une fois allumees, ne s'eteignent 
pas en retirant la source de chaleur. Il nFest pourtant impos- 
sible de presenter en consideration une autre epreuve que Pepreuve, 
rude et peu scientifique, qui consiste k brftler, sur un blicher, de 
grandes quantity (25 k 200 kilogrammes) d’ explosifs, dans des 
caisses doubiees de zinc ou de fer blanc. 

Quant k la question qu ; 6met le professeur Heise, je crois que 
tous les explosifs necessitent plus ou moins le controle auquel 
M. Heise veut soumettre la poudre k nitrocellulose, puisque les 
explosifs k base de chlorate et de perchlorate deviennent dan- 
gereux s’ils contiennent des acides, ou si k cause d'impuretds le 
chlorate d J ammonium peut se former par des reactions intdrieures. 

Or je suis d’avis que, pour pr^venir ces dangers, toutes les 
fabriques d’explosifs doivent £tre surveill^es par des inspecteurs 
gouvemementaux, non seulement pour pr£venir le danger de la 
fabrication, mais surtout pour Femmagasinage quand il s’agit 
d'explosifs fratchement confectionn4s. Cette question d’em- 
magasinage nous ferait entrer pour le moment trop dans les or- 
ganisations des differents gouvemements et je crois que nous 
ferions mieux de la s£parer du transport et de nous occuper 
surtout de ce dernier. Pratiquement, la fabrication des explosifs 
est suffisamment surveillde pour que le transport d J explosifs 
fralchement prepares, classifies et admis au transport, n’offre 
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aucun danger. Outre les documents, prouvant la nature et la 
classification, il suffira d 7 a j outer la preuve que Fexplosif est de 
fabrication r6cente (p. e. moins de trois mois). Dans le cas con- 
traire, il serait n4cessaire d 7 exiger encore un document prouvant 
qu’un examen special par un chimiste competent a eu lieu, 
document qui devrait §tre 16galis6 par le consulat du pays dans 
lequel le transport entrera. 

Voyez k cet 4gard les prescriptions des Indes N6erlandaises 
(Staatsblad van Nederlandsch-Indie, n°. 234, pp. 5 et 6) conte- 
nant la prescription suivante: “Les explosifs qui ont 4t6 em- 
magasin^s plus longtemps que trois mois et que Ton veut trans- 
porter doivent §tre soumis k F examen d 7 une Commission nomm6e 
par le chef de la province ou de la commune int6ressee. 77 

Agr 6ez, etc. 


Annexe IV 
2 me Note de M. Lundholm 

Londres 10 juin 1912. 

J’ai le plaisir de vous accuser reception des derni&res com- 
munications des Membres de la Commission contenues dans 
votre circulaire du 18 mai. 

Le but de la Commission est F unification des 6preuves d 7 explo- 
sifs, et si on pouvait en r^duire le nombre, cela faciliterait beau- 
coup notre t&che. Mais, si l 7 on prend en consideration Forigine 
et le d^veloppement des 4preuves, on verra qu 7 au commence- 
ment il y en avait peu, et que les deux facteurs auxquels est dfi 
leur accroissement sont: la d6couverte graduelle de defauts dan- 
gereux dans les explosifs, et Fintroduction de nouvelles classes 
d 7 explosifs pour lesquels les anciennes 4preuves ne suffisaient 
pas. Si on consid&re que le but des 4preuves est de prot^ger le 
public, c 7 est-&-dire de garantir que la fabrication, le transport, 
Femmagasinage et Femploi des explosifs offrent le moins de 
danger possible, non seulement dans les conditions climat6riques 
du pays de fabrication, mais aussi dans tous les pays oil ils 
pourraient 4tre exports, il semble qu 7 on ne puisse rdduire le 
nombre d 7 6preuves qu 7 en unifiant celles qui ont 6t6 diff^remment 
61abor4es dans divers pays, mais dans le m&ne but. 
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Si done on ne peut r4duire mat4riellement le nombre des 
4preuves, il est impossible de les unifier h temps pour le prochain 
Congrfes, surtout s’il est n4cessaire de faire des recherches s4- 
rieuses et s 7 il faut faire diff4rentes 4preuves comparatives dans 
le meme but, afin de pouvoir faire un choix des meilleures pour 
le concours. 

Vous sugg4rez, Monsieur le President, que si on tombe d’accord 
sur quelques-unes des 4preuves, d’autres suivront. Je suis tout- 
&-fait d 7 accord avec vous sur ce point. Cela voudrait dire que la 
continuation du Comity est n4cessaire, parce que si on ne se met 
d’aecord maintenant que sur quelques 4preuves, cela n 7 am4nerait 
pas le but ult4rieur de l 7 unification des 4preuves, qui, k mon 
avis, signifie l 7 4tablissement de conditions techniques d 7 apr£s 
lesquelles, dans Fopinion de la Commission les explosifs pour- 
raient, sans danger pour le public, 4tre transports, emmaga- 
sin4s et employes dans tous les pays du monde, sans tenir compte 
du lieu d 7 origine. 

Mes propositions du 26 avril 4manent des obstacles que j 7 ai 
vus k la reduction mat6rielle du nombre des 4preuves d 7 explosifs 
des qualitS existant maintenant, 

La proposition faite d 7 4tablir une s6rie “nationale 771 d 7 4preuves 
pour l 7 authorisation d 7 un explosif, et ensuite une 4preuve peu s4v4re 
de “consignation 77 donnerait des r4sultats imm4diats et ne 
s’opposerait en aucune mani&re k Funification des 6preuves. 

Si on s 7 entendait pour accepter le principe de deux series 
d 7 4preuves, chaque nation qui pr4f4rerait des 4preuves ind4- 
pendantes pourrait pr4parer une liste d 7 explosifs autorisables, 
d 7 apr4s des 4ehantiUons soumis de l 7 4tranger. Les 4preuves 
allemandes doivent etre plus strictes que les anglaises sous cer- 
tains rapports parce que FAllemagne a trois classes pour le 
transport par chemin de fer: une pour les dynamites, etc., et 
deux pour les explosifs moins dangereux qui sont transport4s 
comme marchandises ordinaires, tandis que la Grande-Bretagne 
n 7 a qu 7 une classe, tous les explosifs devant etre transport4s 
comme dynamite. D 7 autre part, les 4preuves de stabilisation, 
combustion spontan4e, etc., doivent 4tre plus s4veres en Grande- 
Bretagne k cause de la grande quantit4, principalement d 7 explo- 

iPropre k chaque paya 
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sifs k base de nitroglycdrine, qui sont exportds dans des climats 
cbauds, et qui doivent dtre & mdme de supporter les conditions 
existant dans les pays oil ils sont expddids. 

L’dpreuve d’autorisation prendrait du temps, mais me fois 
un explosif autorisd, l’dpreuve de consignation ne devrait donner 
aucme peine. L’ experience longue et varide du Ministdre de 
l’lnterieur anglais a prouve qu’il dtait suffisant de faire me ana- 
lyse d’identification et d’ employer en outre l’dpreuve de chaleur 
d’Abel pour les explosifs contenant de la nitroglycerine et de la 
nitrocellulose. 

Pour les analyses, les chimistes du Gouvemement demandent 
dix jours, et, de fait, 1’ explosif imports devrait dtre emmagasind 
jusqu’ll ce qu’il soit libdrd par m ordre du Ministere de l’lnteridur. 
Pour les maisons connues on n’insiste pas sur l’emmagasinage, 
quoique la maison soit considdrde comme responsable si 1’ analyse 
subsdquente prouve que l’explosif imports n’est pas identique & 
celui qui est autorise. 

Si la Commission n’admet pas qu’m explosif qui a passd un 
petit nombre d’dpreuves soit ddclard suffisamment stir pour qu’il 
puisse dtre fabriqud, transports, emmagasind et employd dans 
tout climat oil on se sert d’ explosifs, et s’il est difficile a la pro- 
cbaine assemblde de tomber d’ accord sur des dpreuves uniformes 
en nombre suffisant, les propositions que j’ai faites dans ma 
lettre du 26 avril semblent s’approeher du but final de l’unifica- 
tion des dpreuves, c’est-A-dire l’admission des explosifs de tous 
les autres pays, et elles ne viendront pas k l’encontre des efforts 
continue fadts pour arriver t6t ou tard k une complete unification 
des dpreuves, si la Commission est renommde par le Congrds de 
Washington-New-York. 

Agrdez, etc. 

Annexe Y 
Note de M. JacquS 

La Cantabrica, 22 juin 1912. 

Note Relative aux M^thodes d’^preeves des Explosifs 

S’il est peut-dtre impossible de faire admettre par tous les pays 
une rdglementation uniforme dans tous ses termes, il paralt au 
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contraire assez facile de se mettre d’accord: 1° sur les types qui 
devront servir en tous lieux de points de comparaison; 2° sur 
les m6thodes d’epreuves k adopter partout d’une fagon definitive. 

Je crois done que ce sont I& les deux points qu’il y a lieu de 
discuter avant tout. 

I. — DeS TYPES 1 ADOPTER 

Ces types devront etre assez simples pour qu’on puisse tou- 
jours les ^laborer n’importe oiL II semble qu’ils peuvent 6tre 
r4duits k cinq ou six qui seraient: 

1° Les detonateurs. — Aucun doute ne subsiste sur ce genre de 
produits, qui, employes en petite quantity sont susceptibles de 
faire detoner des masses plus ou moins considerables d’ explosifs 
moins sensibles qu’eux. Le fulminate de mercure, qui est tout 
indique, sans etre extraordinairement sensible, 1’est assez pour 
servir de type k ce genre de produits. 

2° Dynamites et explosifs k haut taux de chlorate ou per- 
chlorate: 

La dynamite n° 1 k 75% et un explosif chlorate ou perchlorate, 
contenant 12% de paraffine pour 88% de sels de potasse finement 
moulus, pourraient etre adoptes. 

3° Classes des explosifs moins sensibles au choc (k faible titre 
de nitroglycerine ou k taux moyen de chlorates ou perchlorates. 

On pourrait adopter comme types de ce groupe: 

а) Un melange intime de 9 nitroglycerine, 9 farine torr6fiee 
et 82 nitrate d’ammoniaque; 

б) 35 perchlorate de potasse, 46 nitrate d’ammoniaque, 
12 trinitolu&ne, 7 amidon torrefie. 

4° Le quatrikne groupe serait forme par les explosifs dont 
les proprietes de sensibilite au choc et k l’inflammation ne de- 
passeraient pas celles d’un type Favier qui pourrait etre par 
exemple: 92 nitrate d’ammoniaque, 5 trinitolukie, 3 tetranitrona- 
naphtaline. 

Ces explosifs pourraient contenir une quantite de perchlorates 
ne d4passant pas 30 k 40% k la condition d’etre comparables en 
tout au precedent type et pourvu qu’il n’y ait pas incompat- 
abilite entre les substances employees. 

5° Le cinqui&me groupe serait constitue par les explosifs in- 
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complete (hydrocarbures liquides pouvant contenir jusqu’& 10% 
de nitroglycerines difficilement congeiables, mais avec une 
quantity d'oxyg&ne beaucoup trop faible pour que les combus- 
tions realises partiellement puissent d ; elles-memes se propager 
dans la masse. 

6° Dans le sbd&me groupe entreraient les dif£4rentes sortes de 
pondres de chasse ou de guerre. 

Les types pourraient etre une poudre noire ordinaire et la 
balistite k 50/60 normalement stabilisee. 

II. — Epretjves 

Laissant de c6t£ les 4preuves sp^ciales aux poudres sans fum^e 
et aux nitrocelluloses pour lesquelles on n’aura pas de mai k se 
mettre d’ accord, il y a lieu de fixer les id4es sur F6preuve de 
chaleur, l’ypreuve du mouton et enfin les ^preuves d’inflamma- 
bilite et de susceptibility de detonation par incendie. 

a) Epreuve de chaleur 

Toute etuve munie d'un thermostat peut servir k cette epreuve. 
On pourrait exiger qu ? apr£s le chauffage dont la duree k dis- 
cuter, F acidity totale de la mature dosee volumetriquement n’ait 
pas varie sensiblement et que les autres dpreuves appliquees 
avant et apr£s la dessication donnent des resultats tellement 
comparables entre eux, que seule la perte d’eau hygroscopique 
puisse justifier les differences si elles existent. 

II y aurait bien entendu k examiner Fexsudation dans le cas 
des explosifs k la nitroglycerine. 

b) Essais au choc 

D’aprSs les diffdrentes notes, il semble que la methode anglaise 
de la chute d’une sphere maintenue par un eiectro-aimant, dont 
le courant peut etre interrompu k volonte a reuni la plupart des 
suffrages. Encore faudrait-il s’entendre sur les dispositions de 
detail qui permettront d’avoir des resultats absolument compar- 
ables (mode de fixation de Fexplosif sur le grain du socle, poids 
d'explosif k employer, etc.) 

On pourrait, bien entendu, repeter les essais en meiangeant 
Fexplosif avec une certaine quantity de verre pile, afin d’avoir un 
idee de sa sensibility k la friction. 
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c) Epreuves d’inflammabilitS 

Ces 6preuves pourraient comporter trois essais: 1° essai an 
fer rouge, 2° chaufiage progressif dans une capsule en porcelaine, 
3° essai d’inflammation au bee de Bunsen. 

1° Pour P essai au fer rouge, il convient d ? op6rer k une tem- 
perature aussi comparable que possible dans tous les cas. Le 
mieux est d’introduire le fer, qui peut etre par exemple une 
baguette de 10 millimetres de diam^tre, terminee en pointe 
dans une grille electrique d’Herseus; on fixe la temperature en 
observant le moment oil fond P aluminium par exemple, ou 
encore un alliage de fer et d’ aluminium. Si Pon veut encore plus 
d’exactitude, il suffit d J employer deux petites nacelles renfer- 
mant deux alliages de points de fusion voisins, mais cependant 
assez distincts pour que le premier alliage soit franchement 
fondu quand Pautre est encore solide. On retire alors la baguette 
qui porte un manche en bois k Pextr4mit4 qui sort de Pappareil 
et on Pintroduit immSdiatement dans la cartouche apr&s s’6tre 
assure pr^alablement que la nature de Pexplosif permet de faire 
cette experience sans danger. 

Il y a lieu de fixer la longueur de la partie de la baguette qui 
p6n&tre dans la grille. 

2° Le chauff age progressif dans une petite capsule ne pr4sente 
pas de difficult^ ; il est facile de le reglementer en fixant simple- 
ment la quantity d'explosif qui doit etre soumise k Pessai (20 
grammes par exemple) et le nombre de degr£s dont devra s 7 61ever 
la temperature dans Punite de temps. 

3° Quant k P inflammation au bee de Bunsen, il convient 
seulement de dire sur quel support on doit placer la mati&re k 
essayer; k mon avis, le meilleur est le carton d’amiante. 

Tels sont les points qu’il faut avant tout dlucider. Cela fait, 
il serait facile, dans Pespace d’un mois, d’examiner les rdsultats 
que nous aurons obtenus dans les m§mes conditions, avec les 
m&mes appareils, et de verifier s’ils sont bien comparables et s’il 
ne peut surgir de ce fait aucune contestation ni aucune indeter- 
mination dans le classement que nous proposons de faire. 
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Annexe VI 

COMMISSION INTEHNATIONALE POUR LOTTOS DE L’UNIFICATION 
DES MlSTHODES D 7 £pREUVE SUB LA STABILITY DES 
EXPLOSIFS 

Proc&s-Verbal des reunions du 24 juin 1912 , d Paris 

Sont presents: 

MM, Watteyne, president; 

Bartheiemy, Vitali, Will, Jacque, membres de la Com- 
sion; 

Mente, collaborateur de M. Will; 

Beyling, d416gu4 par M. Heise, emp6che; 

Ad. Breyre, secretaire de la Commission. 

M. Schmerber, Ingenieur, assiste k la stance comme inter- 
prete, pour faciliter la discussion. 

En ouvrant la seance k 10 heures, M. le President rend un 
hommage 4mu k la memoire de M. F Ingenieur en chef Stassart, 
secretaire de la Commission, enleve inopinement, au debut de 
1911, It ses travaux et Ik, Famitie de tous ceux qui Font connu. 

MM. Bartheiemy, Jacque, Vitali et Will, au nom de tous les 
collogues, s’associent It ces paroles. 

M.le President remercie specialementnotre collogue M. Barthei- 
emy qui, non content de recevoir si graeieusement la commis- 
sion, s’est encore charge d’ organiser une visite tres interessante 
It la station d’essais de Lievin. 

M. le President donne lecture des lettres d'excuse de MM, 
Bichel, Lundholm, Gey van Pittius et Spica, emp^ches de se 
trouver k la reunion. 

II est donne lecture des notes de MM. Gey van Pittius et 
Lundholm, regues posterieurement It l 1 envoi de la circulaire du 
18 mai 1912 (annexes III et IV). 

M. Gey van Pittius presente quelques observations de detail 
relativement k la classification proposee par la circulaire du 12 
mars 1912. 

M. Lundholm maintient la mani&re de voir exposee dans une 
lettre anterieure, mais en precisant sa pensee qui serait de laisser 
k chaque pays le soin d’etablir, comme il Fentend, les essais de 
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reconnaissance (Tun explosif, tout en t&chant d’unifier les essais 
sommaires do “consignation” k r entree d’un pays. 

M. Jacqu4 a 4galement remis une note tendant k fixer les details 
des 4preuves propos4es et qui figure aux annexes (annexe V). 

M. le President fait Fexpos4 de la situation et resume les tra- 
vaux accomplis et les id4es 4chang4es. II signale notamment la 
remarquable r4glementation allemande, k laquelle plusieurs de nos 
collogues ont personneUement eollabor4. Cette rfeglementation 
parait, malgr6 quelques critiques, donner d’excellents r4sul- 
tats en Allemagne, mais elle est trop 4tendue pour etre d } appli- 
cation internationale. II pense que, si Ton veut aboutir, la 
Commission doit s’attacher k fixer quelques points pr4cis et 
determiner quelques 4preuves susceptibles d'une application 
internationale. C’est le moyen d’arriver sinon a une solution 
complete, du moins k une solution pratique, qui constituera 
d4j& un progrfes s4rieux. 

II est entendu que les detonateurs doivent former une classe 
sp4ciale, puisque leur transport ne peut s’effecteur que dans des 
conditions d’emballage toutes sp4ciales et en F absence d’autres 
explosif s; la Commission ne s'en occupera pas, non plus que des 
explosifs de tir et de cbasse qui ne sont pas des explosifs indus- 
triels. 

M. Will expose comment, en Allemagne, alors qu’on 4tait parti 
avec Fid4e de simplifier le plus possible, on est arriv4, par la 
force des choses, k F ensemble quelque peu compliqu4 du r4gle- 
ment actuel allemand. Ainsi la question de Femballage a une 
importance capitale: un emballage sp4cial peut 4quilibrer le 
danger inh4rent k F explosif k transporter. C'est k cause des 
difficult4s pratiques que Ton est venu k cr4er une s4rie d’explosifs- 
types, k propri4t4s bien caract4ris4es, k essayer chaque fois en 
m4me temps que F explosif k exp4rimenter. 

Un autre principe est de laisser aux fabricants, sous leur re- 
sponsabilit4, le soin de contr61er leurs produits dans Ieurs labora- 
toires. On n 7 a pas encore eu k regretter cette confiance qu'on a 
accord4e aux industriels. 

M. Vitali signale le prochain Congr4s international des Trans- 
ports qui va se tenir k Berne, oil la Commission internationale 
des transports des explosifs n’aura k s’occuper que de trois ex- 
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plosifs bien connus (en dehors des nmnitions de sdrete) : acide 
picrique, trinitrotoluene, nitrocellulose humide. II sera utile de 
communiquer nos conclusions k cet organisxne. 

M. le President propose de passer immediatement k P elabora- 
tion des conclusions en prenant pour point de depart Pavant- 
projet contenu dans la lettre du 12 mars 1912. 

M. Bartheiemy demande que la Commission, dans ses con- 
clusions, attire Pattention sur le r61e important de Pemballage, 
qui, bien con§u, permet de transporter les explosifs par grande 
vitesse en toute s£curit£. 

Conform6ment aux propositions 4mises dans la note du 12 
mars 1912, M. le President propose de definir d’abord une 
epreuve d’eiimination, applicable a tous les explosifs industriels, 
suivie d’une s^rie d’autres permettant de les classer dans des 
categories bien distinctes au point de vue des dangers qui leur 
sont propres. 

La premiere epreuve, dont le texte va etre donn6, devait ainsi 
s’appeler “ eprevue d’ elimination ” Mais, au cours dela discussion, 
MM. Will et Mente ont fait remarquer que, par ces mots, on 
entrerait trop dans P application, qu J il convient de reserver k 
Pappreciation des divers gouvernements, ceux-ci pouvant juger 
que le transport d’explosifs sensibles serait quand meme ad- 
missible sous certaines conditions de quantites reduites et d’em- 
ballage specialement soigne. La Commission doit se borner 
indiquer des 6preuves. 

Pour tenir compte de cette observation, Pexpression epreuve 
$ elimination a ete remplacee par les mots epreuve prealable . 

Apres quelques observations encore, la Commission se railie 
unanimement a la definition suivante: 

I. — Epreuve Prealable 

Deux echantillonSy chacun de 10 grammes d’explosif non desseche , 
sont disposes dans des capsules de verre, munies d’un couvercle 
simplement pose, de 35 millimetres de diametre et de 50 millimetres 
de hauteur; ils sont introduits dans une Uuve chauffee d 75° ou Us 
sejournent pendant quarante-huit heures . Ou s’ assure qu’il n’y a 
aucune decomposition de Vexplosif } ni aucune modification notable 
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dans V aspect on dans Vodeur. Pour les explosifs nitr&s, il ne doit 
y avoir aucun digagement de vapeurs rutilantes. 1 

La stance est levde k 12 h. 45 et reprise k 15 heures. 

La Commission aborde la question d’une dpreuve au choc. 

II faut ici une matiere de comparaison, tout au moins pour 
limiter les explosifs peu sensibles au choc. 

Apr&s ^change de vues, M. Will propose d’employer k cet effet 
de Vacide picrique pur pulvdrisd, matiere facile k se procurer et 
constamment semblable k elle-m&ne. 

M. Vitali appuie la proposition et la Commission se rallie k 
cet avis. 

A titre de renseignement M. Will indique qu'avec un mouton 
de 2 kilogrammes, Facide picrique ddtone sur une hauteur 
moyenne de 65-68 centimetres avec un dcart maximum de ± 8 
centimetres. 

M. Beyling voudrait voir prdconiser la chute libre du mouton, 
sans guidage, et le l&cher dlectrique, comme dans la m6thode 
anglaise. 

M. Will pense qu’il est tout k fait inutile de prdciser le type du 
mouton, son poids, etc., pourvu que les essais se f assent chaque 
fois le m£me jour, avec le meme appareil, dans des conditions 
identiques pour Facide picrique et Fexplosif k comparer. 

La Commission se rallie k cette manure de voir, en renvoyant, 
pour le surplus, aux rapports anterieurs contenant la description 
des appareils que Fon peut employer. 

L^preuve n°. II est definie comme suit: 

II. — Epretjve de Resistance au Choc 

On essaiera des poids igaux de Vexplosif d experimenter , preala- 
blement pulverise et desseche, dune part, et dacide picrique pur 
pulverise et sec , d autre part, a ec le mime appareil et dans des 

i M. Lundholm, emp£ch6 d J assist er it la stance de Paris, a demand^, par 
lettre du 23 juillet 1912, d’ a j outer it ce textela reserve suivante: 

“N. B. — Bien qu’aucun explosif ne soit considers comme suffisaminent 
stable s’ll n J a pas pass6 cette 4preuve, il ne s’ensuit par qu'un explosif qui la 
passe soit n6cessairement suffisaminent s&r pour &tre indus parmi les explosifs 
pratiques.” 

H ne nous a plus 4t4 possible de consul ter les collogues k ce suject Nous 
donnons acte de cette reserve it M. Lundbolm. (Note du Bueeau.) 
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conditions identiques. Les prises d’essai, de 5 d 10 centigrammes 
chacune, seront disposes sur une enclume en acier en une couche 
occupant l an 27 de diametre. Uexplosif est recouvert d’un cylindre 
en acier trempS de l™ 27 de diametre et de mime hauteur. Dix 
essais consScutifs seront executes avec chacun des explosifs et servi- 
ront d determiner la hauteur de chute moyenne qui provoque 
Vexplosion. 

Les explosifs consider es comme peu sensibles au choc doivent 
montrer une insensibiliU au moins egale d celle de Vacide picrique 
pur pulvSrisS. 

N. B. — Peuvent 6tre notamment employes pour cet essai, soit 
Pappareil anglais k chute libre, soit les appareils decrits au VI* 
Congr&s international de Chimie appliqu6e (Rome 1906). 

M. Will fait remarquer que P essai qui vient d'etre d4fini ne 
renseigne pas sur la resistance Si la friction, qui est importante, 
specialement pour certains explosifs au chlorate, dont les essais 
au choc simple pourraient dormer une fausse idee de leur securite. 

M. Jacque preconise de faire des essais au choc en meiangeant 
k l’explosif un pourcentage de verre pile: Pexplosif, en s J 6chap- 
pant sous le choc du mouton, subit une friction sur le verre pile. 

M. le President sugg&re d 5 op6rer une partie des dix essais pre- 
sents ci-dessus, avec verre pile. 

M. Yitali demande si Pon connait les resultats que donnerait 
Pacide picrique dans ces conditions; comme il n'y a pas d’expd- 
riences suffisantes k ce sujet, il vaut mieux ne pas prescrire ce 
genre d’epreuve. 

M. Will dit qu’il op£re toujours dans un mortier k parois 
rugueuses (en biscuit), par comparaison avec une quantite egale 
d’acide picrique. Cette experience, quoique d’apparence peu 
scientifique, est tr£s suffisante quand on op£re par comparaison: 
il n’est m£me pas necessaire de i reciser les details de Pessai, du 
moment qu’on exige qu’il se fasse dans les conditions identiques 
pour les deux corps k comparer. 

I/essai k la friction est admis, et defini comme suit: 

II bis . — Epreuve de Resistance a la Friction 

L’explosif place dans un mortier en biscuit Ugerement chauffe 
{20 d 80° centigrades), ne doit pas se montrer moins resistant d la 
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friction que Vacide picrique pur pulv&risi soumis, dans le mime 
appar&il , d une experience identique. 

La Commission etudie ensuite un essai de resistance au feu. 

L’essai k la m^che est adopts sans discussion dans les tennes 
du rfeglement allemand. 

Un long ^change de vues se produit sur les dpreuves k haute 
temperature, et sur le point de savoir s’il faut indiquer un ex- 
plosif-type pour agir par comparaison. 

M. Mente croit qu J il n’est pas necessaire d’indiquer cet explosif- 
type, les conditions de cet essai pouvant se ecrire aisement. 

La Commission se rallie finalement k cet avis : apr&s discussion, 
les textes suivants sont adoptes: 

a) Epreuve a la meche: S grammes d’explosif pulverulent 
sont versus dans un tube-eprouvette en verve: par de Mgers chocs , on 
donne a la substance une surface bien unie. On y introduit alors 
une miche de poudre brdlant lentement (. 1 centimetre par seconde ). 
L’essai est ripSte deux fois . L’inflammation caracterise les 
poudres deflagrantes et les explosifs facilement inflammables. 

b) Epretjye sur une capsule be fer portae au rouge: 
Les explosifs ayant supporte P essai precedent sans deflagration 
seront soumis k un essai k haute temperature pour s’ assurer de 
leur inaptitude k la detonation sous Paction du feu. 

Une capsule en fer, hemispherique, de 12 centimetres de diamdtre , 
1 millimetre d’epaisseur, est portee au rouge sur un brtileur : on y 
verse d’abord une petite quantile (0.5 gr.) de la substance pulv&risie, 
puis, s’il ne survient pas de detonation, on augmente la quantity 
jusque 5 gram . L’ epreuve est recommencee deux fois. 1 

c ) L’Epreuve au fer rouge a pour but de constater Pin- 
aptitude des explosifs de s Arete k Pinflammation. 

Apres quelques essais priliminatires sur de petites quantiles 
pour constater d’abord le peu d’inflammabiliM relative du produit , 
on dispose 100 grammes d’explosif sur un carton d’amiante; on 
met en contact avec Vexplosif VextrbmiM d’une barre de fer de 15 
millimetres de diam&tre, portee au rouge cerise ( [900 0 environ ) sur 
10 centimetres de longueur. La mati&re pent br&ler lentement , sans 

x Sur une observation ulterieure de M. Bartheiemy, les conclusions portent: 
V essai est repiti tbgis fois. 
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donner lieu d aucune explosion, et doit s'eteindre lorsqu’on retire 
la source de chaleur . 

M. Breyre fait remarquer qu'on a abandon^ la notion des 
explosifs-types permettant de delimiter les classes par compari- 
son; on n 7 a conserve le principe que pour FEpreuve au choc et k 
la friction. 

Ne faudrait-il pas proposer une classification resultant des 
essais prEconisEs? 

M. Mente pense qu’il est prEmaturE d’aller plus avant dans 
F oeuvre d’unification, les classifications dependant aussi des 
regies de transport spEeiales k chaque pays. 

M. le President pense que, sans imposer une classification, le 
rapport final de la Commission peut la suggErer en deduction 
des Epreuves admises. Au surplus, la sanction de nos travaux 
serait la reunion, par les divers Gouvemements intEressEs, d’une 
convention munie de pouvoirs officiels et qui pourra, sur la base 
du rapport final de notre Commission, provoquer Funification 
des Epreuves et Funification des classification dans les transports 
intemationaux. 

M. le President clfiture les travaux en remerciant les membres 
presents d 7 avoir bien voulu se dEranger de si loin pour assister k 
ces stances; il remercie chacun du coneours dEvouE apportE k 
F Elucidation d’un problEme aussi ardu et Emet Favis que les 
conclusions de la Commission consacreront un progres rEel sur 
FEtat de choses actuel. 

La sEance est levEe k 19 h. 15. 

Le Secretaire, Le President , 

Ad. Beeybe. V. Watteyne* 



INTERNATIONAL COMMISSION FOR UNIFICATION 
OF THE TESTING METHODS ON THE STABILITY 
OF THE EXPLOSIVES 


Final Report (July 25, 1912 ) to be Presented to the Eighth 
International Congress of Applied Chemistry 

L A Brief Account of the Work of the Commission 

Before formulating our conclusions in this report which 
follows the report presented at the London Congress of 1909 
and published among the publications of the Seventh Congress 
(Section III b — Explosives — pages 130 to 190), we beg to remind 
the Commissions work from its beginning and how it came to 
the present conclusions which we beg to submit for ratification 
to the Seventh Congress of Applied Chemistry at New York, 1912. 

The Commission was established at Rome in 1906, at the 
Sixth Congress of Applied Chemistry. Section III b (explosives) 
of the said Congress having recognized the opportunity of uni- 
forming the testing methods with regard to the stability of 
explosives, elected an international Commission 1 with a view of 

* Ont 6t£ d6sign£s pour faire partie de cette Commission: 

Pour YAUemagne: MM. Professeur W. Will, k Berlin; Professeur H.-F. 
Lenze, k Charlottenburg; Professeur F. Heise, k Bochum; Directeur g£n£ral 
C.-E. Bichel, k Hambourg; 

J Pour YEspagne: M. M. Jaeque, k Bilbao; 

Pour la France: M. L. Barthelemy, k Paris; 

\ Pour la Grande-Bretagne: MM. C.-O. Lundholm, k Stevenson, et Professeur 
W. F. Reid, k Addlestone; 

Pour Ylialie: MM. Colonel G. Vitali, k Rome, et Professeur G. Spira, k 
Venise; 

Pour les Pays-Bas: M. le Capitaine Gey van Pittius, k Amsterdam; 

Pour la Russie: M. Professeur Saphojnikoff, k Saint-Petersbourg; 

Pour la Belgique: MM. Inspecteur g£n6ral des mines V. Watteyne, k 
Bruxelles, et Ing6nieur en chef Directeur des mines S. Stassaxt, k Mons. 

MM. Watteyne et St assart, ont 6t4 noram^s respectivement President 
et Secretaire de la Commission. 

M. Stassart 4tant d6c6d6 le 21 janvier 1911, la Commission a design^, pour 
le remplacer, M. FIng6nieur des mines Ad. Breyre, k Bruxelles. 
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studying the question and of submitting to the following Con- 
gress such conclusions as could be used as a basis for the projected 
unification. 

At the general meeting of May 3, 1906, the Congress ratified 
the section’s decision as follows: 

“The Sixth International Congress for Applied Chemistry, 
held in Rome in 1906, recognized the necessity of unifying the 
testing methods with a view of ascertaining the mechanical and 
technical stability of explosives and ratified the election of a 
special commission to study the question and submit a proposal 
to the next congress.” 

As a consequence of that resolution, the following program 
was adopted at once during the same congress: 

First of all, to make inquiries in order to ascertain what are 
the existing methods in the various countries and to let them 
know to the Commission’s members. 

To gather the members’ proposals with regard to the methods 
it would be suitable to adopt, be it that any existing method 
be recommended or that a new process be submitted for approval. 

Finally to endeavor to secure an agreement on one system only. 

In order to insure the realization of the first part of the pro- 
gram, the Standing Committee (at the time composed of Messrs 
Watteyne and Stassart) sent a letter to the Commission’s 
members, asking them to let them know what testing methods 
are in use in their respective countries. 

The answers, together with some other indications, have consti- 
tuted a first report , dated 25 March, 1908, which was distributed 
to the members of the Commission and to other persons who were 
deemed in state to intervene usefully in the study of the question. 

By some other letters the members of the Commission were 
then asked to let know and to explain their proposals about the 
methods which, in their opinion, were to be adopted uniformly 
in the different countries. 

The replies have been gathered in a second report and were to 
form a basis for the final discussion and, if possible, a definitive 
agreement had to take place at the London Congress. 

But, owing to the following circumstances, this final agreement 
was delayed: 
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Between the two Congresses the German government had 
studied the same question of the tests to be undergone by explo- 
sives for admission to rail conveyance and, precisely, among the 
persons entrusted with this study, were two of our colleagues, 
the Professors Will and Lenze. 

Their studies lasted almost till the beginning of the London 
Congress, and the result was the proposal of a series of tests to 
apply to explosives of all classes. 

This program or, rather, this regulation, the result of thorough 
researches and careful elaboration, deserved to be taken into 
consideration by our Commission and it has been thought ad- 
visable to wait till the said regulation had been in use in Germany 
for some months, in order to ascertain its advantages and its 
drawbacks. After such an experience, the International Com- 
mission would have to their disposal a fresh and important 
material and would so be in a position to decide with a better 
knowledge of the case. 

Under these circumstances, all that the Commission could do 
was to suggest the postponement of their mission till the following 
Congress. 

This proposal was carried at the meeting of the explosives 
section and later at the general meeting of the Congress on 2d 
June, 1909. 

We do not think it necessary to reproduce the first reports, as 
these, condensed, made up to date and concluded by a project of 
conclusions elaborated by the Committee, have been made public 
enough thanks to their insertion in the publications of the Con- 
gress. Let us add that the Commission’s works till 1909 have 
been published in the “Annales des Mines de Belgique” (t.XV 
1909, — 4th number) by Messrs Watteyne and Stassart under the 
title “Mines and Explosives at the Seventh International Con- 
gress of Applied Chemistry — London, 1909” (see pages 90 to 
170 of separate copy). 

This notice, which can be considered as a third report of the 
commission includes also (pages 170 to 182) Messrs East’s, 
Will’s and Lenze’s notes on the work of the German commission. 
These notes have been submitted to the London Congress. 

A schedule to the said notice by Messrs Watteyne and Stassart 
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contains (pages 221 to 232 of “Annales des Mines de Belgique”) 
a French translation of the new German regulation’s principal 
part. 

In conformity with the resolutions of the Congress, the com- 
mission waited till a sufficiently long time had elapsed to allow 
the German regulations’ advantages and drawbacks to become 
apparent; then the committee (Messrs Watteyne and Breyre — 
the last gentleman having been appointed secretary in the place 
of deceased Mr Stassart) wrote in 1911 to the German mem- 
bers of the commission, asking them what observations had 
been suggested in Germany by the application of the new regu- 
lation. 

Messrs Bichel, Heise, Will, Mente and Lenze (these last 
three members replying collectively) replied respectively on 
29th September, 28th October and 7th November, 1911. 

A letter dated 12th March 1912, issued by the Committee 
communicated the German colleagues’s observations to all mem- 
bers, submitting at the same time to the Commission a new 
ante-project of conclusions. 

This ante-project forms, together with Messrs Bichel’s, 
Heise’s, Will’s, Mente’s and Lenze’s notes, the first schedule to 
the present report. It established a simplified classification 
based on the general peculiarities of the explosives with regard 
to their resistance to the causes of danger during conveyance 
and when stored. It also suggested to establish a limited number 
of tests applying to the various categories and after the results 
of which all explosives would be put in one or other of these 
categories. A first test applying to all explosives would allow 
to eliminate at once all defective products. 

There was a rough indication of those types of explosives that 
would be classed in the three suggested categories. 

As Schedule I gives the said project “in extenso” we do not 
think it necessary to say more about it here. 

At the end of the letter dated 12th March the Committee 
asked the Commission’s members to formulate without delay 
their observations on the subject and, at the same time, the 
Committee communicated to the members the wish of some of 
their colleagues to promote a meeting in a central part of Europe 
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in order to allow the Commission to discuss and to get a definitive 
agreement with regard to the report to be submitted to the 
W ashington-N ew-Y ork Congress. 

Most members replied [Messrs Will, Mente and Lenze (col- 
lectively), Heise, Barth61emy, Jacqu6, Vitali, Spica, Lundholm] 
and Paris was selected as the seat of the meeting. The Com- 
mittee wrote on 18th May 1912 ( Schedule II) to the members, 
communicating these replies and calling a meeting for the 24th 
June at Paris in the premises put to our disposal by Mr Bar- 
th616my. 

In the mean time the Committee received further communica- 
tions from the members: 

1°) A letter from Mr. Gey van Pittius, who was prevented 
to take part to the Paris meeting by his staying in the Nether- 
lands Indies. He wrote from Malabar on the 27th April 1912 
0 Schedule III). 

2°) A further letter from Mr Lundholm, dated 10th June, 
1912 (Schedule IV). 

3°) A further note, dated 22nd June, from Mr Jaequ6 {Sched- 
ule V). 

On the 24th June 1912 we met at Paris where we were the hosts 
of our colleague Barth616my. 

The following members were present at the meeting: 

Messrs Watteyne, president, Barth616my, Jacqu6, Vitali and 
Will, members, and Breyre, secretary, were also present at the 
meeting: Messrs Mente (Mr Will’s fellow worker) Bergas- 
sessor Beyling, Director of the testing station in Westphaly, 
deputed by Mr Heise, and finally, Mr Schmerber, engineer at 
Paris, who kindly acted as an interpreter. 

Messrs. Bichel, Gey van Pittius, Heise, Lundholm and Spica 
had written that they were prevented to come to Paris. 

After an arduous discussion, the most important features of 
which are reported in the meeting’s account (Schedule VI) an 
agreement took place on the essential points of our resolutions 
as given below. 

The real work of the Commission can be divided in fact in two 
periods: that of 1906 to 1909 and that of 1910 to 1912. The 
first three reports already published give an account of the first 
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period’s work; the work of the second period forms the matter 
of the schedules to the present report. 

We beg to refer to these documents for the justification of the 
following conclusions.: 

Conclusions 

The result of the interchange of ideas and of the discussions 
which took place between the members of the Commission, is 
that it is impossible at present to solve completely the problem 
of unificating the testing methods of explosives, i. e., that an 
effort to adopt at present uniform and exclusive regulations for 
all countries, would meet with insuperable difficulties. 

Among these difficulties let us name the multiplicity of explo- 
sives, the conditions and necessities which are different for each 
country and the fact that most testing methods at present in 
use do not apply equally to all explosives. 

But we think that it is possible to take an important step 
towards the solution and that it would mean a notable improve- 
ment on the present state of things would it be possible to 
choose, between the numerous tests now in use and which are 
different in the various countries, a reduced number of well 
defined tests which it would be easy to uniformly carry on and 
which would be sufficient to divide all explosives into some 
great classes having identical general peculiarities. 

It is that selection the Commission has endeavoured to make, 
leaving to each government to adopt these principles to their 
own regulations under such conditions as they may think 
convenient. 

The adoption of these selected tests would be a serious progress 
even for those governments who would only adopt them only as 
“consignation tests” maintaining at the same time their own 
process and uses, as it would introduce into the administration’s 
requirements some marks which, later on, would grow in number 
and in this way bring the regulations nearer and nearer to the 
desired uniformity. 

First of all, the commission decided to restrict their action to 
the “industrial” explosives, leaving out the explosives for shoot- 
ing and war uses. 
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It follows that in the suggested tests the explosives having 
nitrocellulose as an important component, are not to be con- 
sidered. Also the detonators will be left out, as they form a 
well distinct class in all countries. 

A general observation is to be presented previously, it refers 
to the “packing” 

The commission draw to this important matter the attention 
of all governments: the question of security of conveyance 
cannot be separated from that of the mode of packing as it is 
thanks to a suitable packing that the dangers of many explo- 
sives can be so nullified that they can be carried with security. 

It would be easy to uniformise the regulations on packing and 
this point must be commended to the best attention of the 
governments. 

The three tests the commission think it advisable to commend 
for international adoption are the following: The first tests 
applies to all types of explosives and would allow to distinguish 
at once those explosives the conveyance of which would be 
dangerous; the following tests would show the shock, friction 
and fire (to various degrees) resisting properties and so lead to a 
simplified classification of explosives after their properties. 

I Preliminary Test 

Two samples (of ten grams each) of non dessicated explosives are 
put into a glass capsule fitted with a cover (; that cover being simply 
put over the capsule ) and having a diameter of 85 m.m. and a height 
of 50 m.m . The samples are then put into a stove heated to 75° C., 
where they remain for 48 hours . No discomposure nor notable 
modification in aspect or smell must have to take place . The azotized 
explosives must let out no rutilant vapors . 

II Shock Resisting Test 

This will consist in a testing of equal weights of pulverized and 
dessiccated explosive for one part and of pure } pulverized and dry 
picric add for the other part with the same apparatus and under 
identical conditions . The samples of 5 to 10 centigrams each wiU 
be put on a steel anvil so as to form a coat of about 1J!7 c. m.(| in .) 
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diameter . On this coat of explosive is put a steel cylinder with a 
diameter of 1.87 c.m . and same height . Each explosive must 
undergo 10 consecutive tests with a view of determining the average 
fall height at which an explosion takes place . 

To he considered as shock resisting the explosives must resist to 
at least the same shocks as does pure pulverized picric acid . 

N. B. — To carry on this test may be used either the English 
free fall apparatus or those described at the Sixth International 
Congress of Applied Chemistry (Rome 1906). 

It is to be noted that for this test as well as for the following one 
it is not necessary for the “modus operand!” to be strictly uni- 
form; the use of the “comparison explosive” viz. picric acid 
insures the results to be constant but in any case picric acid 
must be tested in strictly the same way and with the same 
apparatus as were the other explosives. 

II b. Friction Resistance Test 

The explosives must be put in an unglazed china mortar, slightly 
heated (20 to 80° C.) and must be at least as friction resisting as 
pure pulverized picric add when undergoing ide?itical test in the 
same apparatus . 


Ill Fire Resistance Test 

a) Fuse test. Three grams of pulverized explosive are poured 
in a glass tube: through slightly shaking the stuff gets a well even 
surface . Then a slowly burning fuse ( 1 c.m . per sec.) is intro- 
duced into it. The test must be repeated twice . Those explosives 
that catch fire are classified as deflagring powders or easily 
inflammable explosives. 

b) Red-hot iron capsule test. Those explosives that will 
have undergone the previous test without catching fire will be 
submitted to a high temperature test with a view of ascertaining 
their ability to explode when exposed to fire. An hemispheric 
iron capsule of 12 c.m. diameter and 1 m.m. thickness is put on a 
burner till it gets red hot: then a small quantity (0.5 gr.) of pulverized 
explosive is poured into it. If no detonation takes place the quan- 
tity is augmented till 5 gr. This test must be carried on three times. 
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c) Hot iron test. Its purpose is to ascertain the unaptness 
of safety explosives to catch fire. 

After some preliminary tests on small quantities in order to 
ascertain first that the explosives have relatively little propensity 
for catching fire, 100 gr. of explosive are put on an amianth plate; 
the stuff is then put in contact with the extremity of an iron bar 
(diameter 15 c.m., length 10 c.m.) heated to cherry red (about 900° C.). 
The stuff must burn slowly without any explosion and the fire must 
die out as soon as the iron bar is taken away . 

In consequence of the three advocated tests, all explosives 
are distributed into three clasess: 

Those explosives that are sensitive to shock will give, when 
undergoing test II-IIb, inferior results to those given with picric 
acid and so they will form a first class (dynamites, some chlorate 
explosives and explosives of similar character). 

As a result of test Ilia, there will be a second class comprising 
those explosives that explode when put in contact with the burn- 
ing fuse or that catch fire (especially the various deflagrant 
powders). 

The combined test II b and c will put aside a third class: 
those explosives that are sensitive neither to shock nor to fire 
and that can be conveyed with an almost absolute safety. 

Should some explosives after having undergone with success 
test II-IIb and test III a, explode when undergoing test IHb 
(hot capsule test) ; they would have to be put into the first class, 
but it seems that this would only occur with a few explosives of 
a rarer type. 

In the event of some explosives having been successful when 
tried with II— II b, Ilia, and III b tests, and burning with some 
violence when undergoing test III c, it would be necessary to 
place them in the second class (powders) or to let them form an 
intermediary class between the second and the third class. 

In presenting their conclusions as above to the Eighth Inter- 
national Congress of Applied Chemistry, the members of the 
Commission consider that their task is fulfilled. They beg 
the Congress to express a wish that would be transmitted to 
the various interested governments, that an international con- 
vention be formed, with official powers, in order to bring the 
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work to conclusion by getting an international agreement on 
those questions that are connected with that of international 
conveyance of explosives (tests, packing, classification etc.)* 

For the Commission 

The Secretary, The President , 

Ad. Bkeyre. V. Watteyne. 




(R6$um£) 


RAPPORT SUE LES PROPRIETY DES CIMENTS 
PORTLAND ARTIFICIELS BELGES 

Robekt Ad an 
Ghent, Belgium . 

Un relev6 analytique des essais op6r6s en cours de fabrication 
des ciments pendant les trois demiferes anuses 6coul6es pennet de 
se rendre compte des qualit6s des ciments Portland artificiels 
beiges. 

Le travail montre qu’il n J exist e pas de rapports entre la density 
spScifique, la perte au feu, la finesse de mouture, la vitesse de 
combinaison et la propri6te de resistance des ciments. 

Alors que le poids, la density et la finesse de mouture varient 
peu, en etudiant les conditions de resistance apr&s 28 jours on 
constate que les valeur de traction et de pression sont ascen- 
dantes. 

Le travail etabli les rapports existant: a) entre le poid du vol- 
ume, la densite du ciment sec et la perte au feu, b) entre la perte 
au feu, la quantite d’eau necessaire pour le g&chage et la finesse 
de mouture, c) entre la perte au feu et le r6sidu au tamisage, 
d) entre la cohesion et la resistance. 

II montre les effets du vieillissement sur le poids, la perte au 
feu, la quantite d’eau employee et la finesse de mouture; il 
etablit la difference de resistance entre les briquettes en p&te de 
ciment pur et les briquettes en mortier et il prouve aussi leur 
resistance. 
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THE FUNCTION OF THE VARIOUS RAW MATERIALS 
IN A SHEET STEEL ENAMEL 


Robert D. Landrum 
Canandaigua , N. Y . 


An enamel, such as is used on cooking utensils, is a glass of such 
nature that it will adhere to steel and on account of this, its com- 
position is more complicated than that of ordinary glass. The 
materials used to make ordinary glass are sand, limestone and 
soda ash, with lead oxide added to certain types. These glasses, 
however, will not adhere to iron and have a co-efficient of expan- 
sion entirely different from that of sheet steel, and also the 
temperature at which they must be melted would soften the 
steel shape. An enamel, then, although a glass in every sense 
of the word, and containing the elements introduced by these 
glass materials, also contains others added to modify the physi- 
cal properties and to suit it for the purpose intended. 

Quartz and Flint 

Sand is the material which furnishes silica (Si02) to glass and 
it is sometimes used in enamels. However, enamels must melt 
at a much lower tempertaure than glass and thus require the 
silica-furnishing material to be very finely powdered in order 
that it may combine with the other materials at this lower tem- 
perature. As it is more expensive to pulverize sand than it is 
to pulverize quartz or flint, one of these minerals — each having 
the same chemical composition as sand — is generally used. 

It may be taken as a general rule that other things remaining 
constant, the higher the per cent of silica the higher will be the 
melting point of the enamel and the greater its acid resistance. 
Silica also has a low co-efficient of expansion and increasing it in 
an enamel lowers the co-efficient of expansion of that enamel. 
Therefore, one method of regulating an enamel cqating is to 
increase the silica when the enamel is inclined to split off when 
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cooling after muffle burning. This remedy is indicated when 
the curve of the enamel chips, showing that the enamel contracts 
less rapidly on cooling than the iron. 

Soda Ash 

In glass, all of the sodium oxide is introduced as soda ash, 
while in enamel, this material is only used when it is desirable 
to add the sodium oxide without the introduction of any other 
ingredient. 

Up to a certain point the addition of silica to an enamel formula 
may lower the melting point. An exaggerated example is that 
Calcium Oxide (lime) alone is practically infusible, but on adding 
silica, a fairly easily fusible glass is formed. 

Soda Ash is commercially pure anhydrous sodium carbonate 
(Na^COs) and, therefore, besides adding the sodium oxide to the 
finished enamel, gives off carbon-dioxide gas during smelting 
and the melted mass is then quite thoroughly stirred by the 
evolution of this gas and many impurities are carried off. 

The function of the sodium oxide is to combine with the other 
materials (especially the silica) and form a vitreous product. 
The larger the proportion of sodium oxide (in comparison with 
the amount of silica present) the lower will be the melting point 
of the product and the less resistant to acids it will be. At the 
same time, however, an increase of the sodium oxide tends to 
make the product more flexible and less brittle. 

Many enamels do not include soda ash in their batch mix 
formulas as sufficient sodium oxide is furnished by the feldspar, 
cryolite and borax. 

Fltjorspab and Calcite 

Fluorspar and Calcite are the minerals which are used to 
supply the lime (CaO) to enamels. In glass, limestone furnishes 
this important ingredient, but on account of the impurities, 
always present in this mineral, it cannot be used in the more 
carefully compounded enamels. Both Fluorspar and Calcite 
have their advantages and disadvantages and, as their cost is 
about the same, a careful consideration of these is necessary 
before one can decide which is the better to use in an enamel. 
American practice is inclined to favor the use of Fluorspar. 
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Fluorspar 

The calcium present in Fluorspar seems to combine more easily 
with the other ingredients of the enamel batch than does the 
calcium oxide of calcite. This is evident from the fact that 
Fluorspar enamels melt at a lower temperature and become 
homogeneous in a shorter time than calcite enamels. In enamels, 
which derive some of their opacity from cryolite, this is of par- 
ticular advantage, for it is a well known fact that the longer a 
cryolite enamel is smelted, the less opaque it becomes. 

The disadvantages pertinent to the use of fluorspar instead 
of calcite in an enamel formula are due to two things; this mineral 
contains fluorine and is a powerful reducing agent at the tempera- 
ture attained in the smelter. The fluorine is set free during the 
smelting and, although the virtues of fluorspar are very likely 
due to the energetic action of this element, it is also active in 
corroding the furnace linings and the life of the smelter is short- 
ened. 

The reducing action of this mineral makes it very necessary 
to carefully regulate the smelter so that the atmosphere is always 
oxidizing and where a large amount is used the percentage of 
nitrate in the batch mix must be increased. 

Calcite 

Calcite in enamels does not act as a reducing agent nor does 
the gas given off by it (CO2) attack the furnace linings. There- 
fore, the life of the smelter is longer and there is no necessity for 
adding more nitrate nor of so carefully controlling the atmosphere 
of the smelter. 

The disadvantages common to a calcite enamel are due to its 
requiring a higher temperature and a longer time to combine 
with the other ingredients of the batch. With cryolite enamels, 
this longer smelting is certain to cause them to lose some of 
their opacity. 

Defects Caused by Fluorspar and Calcite 

Unless sufficiently smelted and thoroughly oxidized, fluorspar 
enamels are not stable and, on standing, lose their gloss, while 



320 Original Communications: Eighth International [vol. 


calcite enamels, unless smelted entirely homogeneous and free 
from carbonate, are inclined to chip and scale and to form bubbles 
and blowholes where the enamel is applied thickest. 

Calcium Oxide (CaO) 

The calcium oxide introduced by either of these materials 
will replace sodium oxide in an enamel formula and, while not 
affecting the melting point to any great extent, makes the enamel 
much harder, more acid resistant, more glossy and more opaque. 
Calcium oxide increases the brittleness of an enamel, however, 
but at the same time it allows the addition of more boric anhydrid 
and this ingredient counteracts this effect. 

Feldspar 

Feldspar is generally included in the batch mix of any enamel. 
The new element introduced by this material is aluminum in the 
form of alumina (AI2O3). It also adds sodium oxide (Na^O) or 
potassium oxide (K2O) or both and at a much cheaper price per 
pound than they can be bought in any other form. 

The other ingredient introduced by feldspar is silica (Si0 2 ) 
and it is likely that its introduction thus has the advantage over 
its introduction as quartz or flint, in that, in feldspar, nature has 
already combined the alumina and the silica. An enamel, there- 
fore, getting its silica from feldspar requires less heat in smelting 
than one getting the silica otherwise. 

The alumina added by the feldspar makes the glass softer and 
also less resistant to acids, but when other suitable ingredients 
are present, causes the enamel to become translucent. It also 
lessens the tendency of the enamel to chip but makes it more 
liable to craze. It combines directly with the other ingredients 
forming a homogeneous product and, therefore, does not aid in 
improving the stretching qualities of the product as does the 
alumina added as clay, which material will be taken up later. 

Borax and Boric Acid 

One of the most characteristic ingredients of an enamel is 
boric anhydrid (B 2 0 3 ) and this is furnished to the batch mix by 
borax or boric acid. 
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Borax is generally used for this purpose, as it is much cheaper 
and the only enamel in which its use is prohibited are those whose 
full quota of sodium oxide is furnished by the feldspar and cryolite. 
Borax contains 16% of sodium oxide, so in such enamels, boric 
acid (Ba03-3H 2 0) would be used. 

Boric anhydrid (B2O3) makes the enamel more elastic, less 
brittle and changes the co-efficient of expansion in such a way 
that the glass produced may be used on steel. It is like the 
silica in many ways, increasing the acid resistance and allowing 
more alkalies and metal and earth oxides to be used in the mix 
and like silica causes the enamel to chip when present in excess. 

Unlike silica, however, it increases the viscosity of the smelted 
enamel and lengthens the period between the temperature at 
which the enamel will melt to form a homogeneous vitreous 
coating and the temperature at which it will "burn off,” thus 
making the enamel less liable to be spoiled by poor shop practice. 

This property of viscosity, which the boric anhydrid increases, 
causes the enamel to remain thick and gummy on the black 
shape, while being 'heated in the muffle, instead of getting thin 
and running off as would ordinary glass. 

Clay 

Clay is always used in the mill mix of an enamel that is to be 
slushed on wet and is sometimes included in the ingredients that 
go into the smelter. In the latter case, it is used to introduce 
alumina and silica, as does feldspar, but without introducing any 
alkalies. Clay is quite infusible and very finely divided, thus 
adding opacity to the enamel. When added at the mill, it gives 
besides the qualities already mentioned plasticity to the wet 
enamel and holds up the glass particles during slushing. It also 
causes the powdered glass particles to adhere to the steel shape 
during the drying before muffle burning. 

Whether added at the mill or in the smelter, clay adds to the 
stretching qualities of the finished enamel coating. This is 
accounted for by the infusibility of the clay, which property 
keeps it from entering into complete combination with the other , 
materials. Instead, it holds the glass masses (with which each 
particle of clay is surrounded) apart during the contraction of 
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the steel and allows them to pull away from it without chipping 
during expansion. Under the microscope, enamels with a high 
clay content are very porous — the higher the clay the more 
porous — and, therefore, clay in an enamel always lessens the 
gloss. This is the prime factor in limiting the amount of clay 
that can be used in an enamel. 

Stellmittle 

The plasticity of clays in water can be greatly increased by 
adding to the water very small quantities of acids, bases or salts 
which dissociate in the water. These cause the clay to assume 
a colloidal form quite jelly-like in nature and thus make the 
enamel batch in which they are present much thicker without 
removing any of the water. 

These are called “Stellmittle” or fixation materials by the 
German enamelers. Any acid will answer, but, as the effect on 
the finished product is deliterous, these are seldom used. Borax 
(a saturated solution in hot water) or a pixture of this with a 
saturated solution of sodium carbonate is generally used in 
ground coat enamels and may be used in small quantities in 
white enamels. Magnesium Sulfate has much favor with most 
enamelers and its principal virtue is that less of it is required 
than of any of the others. Magnesium sulfate cannot be used 
in the ground coat, as it will cause the iron to rust. 

Magnesium Oxide and Carbonate are used in the mill mix and 
are good for this purpose, as also is ammonium chloride, ammo- 
nium carbonate and ammonium acetate. Some enamelers also 
use the sulfate of sodium but any of the sulfates will impair the 
gloss of the product. 

Oxide of Tin 

Tin oxide is one of the most important and, at the same time, 
most expensive of the enameling materials. Indeed a French 
writer defines an enamel as “an opaque glaze containing tin 
oxide." 

Added to the smelting batch up to about 3% of the stannic 
oxide — the commercial oxide of tin — is reduced to stanous 
oxide, which forms a transparent compound with the silica. All 
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over 3%, and practically all added at the mill, remains in sus- 
pension in the enamel, and, keeping its intense white color, makes 
the enamel opaque. 

The writer has used as high as 30% of this material in an 
excellent, though costly, enamel but the amount used in white 
enamels for cooking utensils seldom runs below 5% or above 15% 
in the finished product. 

All efforts to entirely replace this material with a cheaper one 
have led to the conclusion that some oxide of tin is absolutely 
necessary in a white enamel. Other materials can replace part 
of it, but the question as to whether there is any actual saving 
in so doing is a matter of dispute. 

The higher the percentage of tin oxide in an enamel the thinner 
it may be applied and attain a given standard of whiteness. This 
thin application reduces the production cost in two ways, viz., 
less enamel is required and the number of seconds, caused by the 
scaling off of the too thick coatings, will be greatly reduced. But 
of still more importance is the fact that the thin application of 
the enamel adds greatly to the durability of the ware under 
punishment both by impact and by sudden changes of tempera- 
ture, thus adding to the reputation of the manufacturer. Then 
too, the opacity produced by this material is practically “fool 
proof.” The tin oxide substitutes must be handled with the 
greatest of care during every operation and the slightest varia- 
tion of method of procedure is likely to spoil the enamel. 

Cryolite 

The only material which produces opacity besides the tin 
oxide and which has stood the test of time is cryolite. This 
material must be added in the smelter and although it adds no 
new elements those added are so geologically combined that at 
a certain temperature they make the enamel frit quite trans- 
lucent and even opaque when thickly applied. The amount 
of this material which can be used in a given enamel is limited by 
the large amount of sodium oxide which it introduces. Cryolite 
is a double fluoride of aluminum and sodium and in the enamel 
about 20% of its mass escapes as fluorine gas and is replaced by 
oxygen. Thus it is very necessary to keep the atmosphere of 
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the smelter oxidizing, and this is best done by having sufficient 
nitrate present in the enamel batch. The opacity produced by 
cryolite is quite elusive and the greatest care must be taken to have 
the temperature, both of the smelter and the muffle furnace, 
right and the length of time for smelting and burning correct. 

Oxide of Antimony 

Antimony Oxide is another substitute for tin oxide and like 
cryolite this is added in the smelter. Antimony-containing 
enamels are quite opaque, if applied in thick layers; thin coats 
of such enamels, however, are quite transparent and it is doubt- 
ful whether or not antimony has any great coloring effect on a 
properly applied enamel. Antimony oxide is in itself quite 
poisonous and when used in quantities large enough to give the 
desired opacity, there is a danger that some of it may be made 
soluble in the cooking acids and thus be detrimental to the health 
of the consumer. In practice most antimony enamels contain 
less than 5% of this material. 

Both antimony and tin oxide and, in fact, all metallic oxides 
add luster to the enamel coating, for they increase the density 
and it has been shown that the gloss of a glass or enamel increases 
directly with the density. 

Zinc Oxide 

The oxide of zinc is the only metallic oxide, except that of tin, 
which can be safely added to a white enamel for the purpose of 
increasing its luster, and even it will lower the resistance to 
corrosion by acids of such an enamel very markedly. 

Used in large quantities and in very soft enamels it produces 
some opacity. Its main use, however, is as a substitute for the 
objectionable lead oxide in formulas for colored enamels* Like 
lead, it has the property of making such colors more brilliant. 

Saltpeter and Chili Saltpeter 

Potassium nitrate (saltpeter) or sodium nitrate (Chili Salt- 
peter) is used in enamels, which require oxidizing agents in the 
smelter. 

Oxidizing agents are necessary in enamel formulas which 
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contain fluorspar or cryolite to replace the fluorine given off in 
the smelter and also in white enamels containing iron as an 
impurity. In the latter case, they change all of the iron to 
the higher oxide which has a less intense coloring action on the 
enamel. 

Soldium nitrate is much cheaper than potassium nitrate but 
must be stored in air tight containers as it is very deliquescent. 
The impracticability of storing the material has forced manu- 
facturers to use the more expensive nitrate or to employ a 
chemist to make daily determinations of its moisture content. 
Then too, experiment has shown that the presence of potash in 
an enamel already conta ining soda tends to increase the gloss 
and to lower the melting point without affecting the other prop- 
erties. This would be a reason for using nitrate of potash instead 
of nitrate of soda in an enamel, in which potash is not supplied 
by some other material, for potassium oxide remains from the 
saltpeter, while sodium oxide remains from the Chili saltpeter. 

Manganese Di-Oxide 

Manganese do-oxide (Mn0 2 ) is a strong oxidizing agent and 
its use in enamels is primarily due to this fact. Used in an enamel 
batch, it disintegrates during smelting into manganous oxide 
(MnO) and oxygen gas and the latter, besides stirring the molten 
enamel, changes some of the ingredients to their highest possible 
oxides. 

This action is especially desirable in ground coats which must 
stand a hot fire in the muffle, as it renders over-burning during 
this operation less probable. 

Manganese compounds cannot be used in white enamels in 
more than minute quantities as it colors the glaze an amethyst 
purple. Its second use in enamels is due to this coloring action 
and it is used in many colored enamels. 

Oxide oe Cobalt 

Oxide of Cobalt (CO3O4) is added to enamels either to give 
them a blue color or to make them adhere directly to the steel. 
For the second reason, all successful ground coats contain oxide 
of cobalt. An enamel may be so compounded that itB co-efficient 
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of expansion will be exactly that of the sheet steel upon which it 
is to be used, and, yet without the addition of oxide of cobalt, 
according to the writer's experience, it cannot be made to adhere 
to the steel as well as with this addition. There are many theo- 
ries as to the exact function of cobalt in a ground coat enamel and 
the popular one at present, is that silicate of cobalt in the enamel 
frit is reduced during muffle burning to a lower silicate and per- 
haps to metallic cobalt. The oxygen, which is given off in either 
case then unites with the iron of the black shape and is taken 
into the enamel as ferrous silicate and, if metallic cobalt is left, 
this unites with the iron of the black shape, forming a widely 
distributed porous alloy. At any rate, there is an interaction 
between the cobalt of the enamel and the iron of the black shape 
which binds the enamel to the steel. Whether this is the correct 
explanation of the action, we do not know, but it is certain from 
practical experience that the cobalt-containing ground coat 
enamels are more easily burned correctly by the men in charge 
of the muffle furnaces. This is explained by the fact that there 
is a definite, though delicate, color change from blue to green in 
cobalt-containing ground coat enamels at just the point at which 
the enamel so fired will adhere most firmly to the steel coat. 
Such an enamel, when correctly burned, will have a very char- 
acteristic greenish tinge; when under-burned a blue color, and, 
when over-burned, a brownish black color. 




ETHYL ETHER BY CATALYSIS 


Charles Baskeryxlle 

College of the City of New York, New York, N. Y. 

Sabatier and Mialhe 1 have shown that several metallic oxides 
(thoria, alumina, and tungsta) exercise a “catalytic action” on 
alcohols between 300° and 350° C. It would appear from their 
investigations that this action is almost entirely that of dehydra- 
tion with the separation of ethylene, although when operating 
at a lower temperature, the dehydration is said to be incomplete 
and to be capable of limitation to the production of ethyl oxide. 

The dehydration of ethyl alcohol in the presence of thoria 
has been studied in this laboratory* and the results obtained 
show some variance with those of Sabatier and Mialhe. The 
contributions of these authors are not very explicit as to experi- 
mental details, but we endeavored to observe all the conditions 
necessary for the production of ethyl ether by partial dehydra- 
tion, according to the reactions: 

2CnH 2 n+10H-l-Th0 2 =H 2 0-i-Th0(0C 2 H a n+l) 2 ; 

ThO(OCnH 2 n+l) 2 = Th0 2 -i- (C 2 H 2 n+ 1) 2 0. 

The apparatus used in our experiments, illustrated herewith, 
consisted essentially of a jacketed porcelain tube containing 
glass beads covered with pure thoria, heated in a combustion 
furnace, and over which vaporized absolute ethyl alcohol was 
conducted by means of a purified air current. Suitable means 
were provided for recovering products of dehydration and oxi- 
dation, and excess of ethyl alcohol was absorbed in water kept 
at 40° C. No difficulty was experienced in maintaining the 
desired temperatures throughout the train of apparatus. 

In experiments 1 (length, 1 hr. 20 min.; average temperature 

* Compt. rend., ISO, 823. See also Idem, US, 995; 150, 1217; 151, 359, 492. 

» The experimental work was carried out by Messrs. Barnett Cohen and 
Alfred Y. S alamort. 
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245° C.) 2 (2 hrs. 45 min.; 233° C.), and 3 (5 hrs. 15 min.; 228° 
C.), in all of which 375 cc. of ethyl alcohol were used, no reliable 
results were obtained, although it was found that the ethyl 
alcohol had evidently undergone oxidation. 

In experiment 4, in which 390 cc. of ethyl alcohol was used 
during 3 hrs. 20 min., and in which the thoria tube was main- 
tained at 150° C., a small amount of a heavy yellow oil condensed 
in the tube leading from the thoria tube, and it was found that 
this formed at about 200° C. The sulphuric acid, kept in absorp- 
tion bottles in ice at the end of the train, became discolored, but 
no indications of the formation of ethyl ether were had. On 
the conclusion of the experiment, the thoria was found to possess 
a brownish black color and fruity odor, but upon ignition in air it 
regained its original color, and this revivified thoria was used in 
the following experiment. 

In experiment 5, the time of the run was 4 hrs. 30 min., and 
390 cc. of ethyl alcohol were passed over thoria heated to 245° C. 
During this experiment tests were made for the formation of 
ethylene 1 , and indications were had of the presence of unsatur- 
ated hydrocarbons and carbon dioxide in the gas issuing from 
the last sulphuric acid bottle. Upon the conclusion of the run, 
the first trap was found to contain a very small amount of ethyl 
ether, and the sulphuric acid at the end of the train was dark- 
ened and had a pungent ethereal odor. The water solutions in 
the baths maintained at 40° C. for the absorption of alcohol were 
fractionated; considerable amounts of acetaldehyde were found, 
also small amounts of acetic acid. 

In experiment 6, the average temperature was 253° C. and the 
period of the run was 3 hr. 25 min. Care was exercised to estab- 
lish the dehydration observed by Sabatier and Mialhe, and the 
formation of ethylene and carbon dioxide was shown; however, 
the amounts formed were small under the conditions of the experi- 
ment. No ethyl ether was found in the traps, receivers or 
absorption vessels, but the heavy yellow oil noted in experi- 
ment 4 was again found this time being condensed in the receivers. 
Not sufficient of this oil was obtained for examination. The 

>By means of iodine and starch solution, bromine water, and palladium 
chloride solution (see Phillips, Am. Chem. J., 16 , 4, 266). 
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alcohol absorption vessels were found to contain an alcohol solu- 
tion giving a strong acetaldehyde reaction. 1 

The above experiments warrant the conclusion that, under the 
experimental conditions described, no satisfactory yield of ethyl 
ether is obtained in the neighborhood of 250° C. It is planned to 
extend these experiments, using other rare-earth oxides and work- 
ing at lower temperatures. 

* The acetaldehyde present was of such an amount as to lead us to believe 
that it did not arise from the autoxidation of the ethyl alcohol which origin- 
ally contained but a mere trace of acetaldehyde. The water solutions were 
carefully stored up to the time of fractionation. 




CHEMICAL TREATMENT OF WASTE WOOD 
H. K. Benson 

Professor of Industrial Chemistry in the University of Washington, 
Seattle, Washington. 

In the states comprising the Pacific Northwest of the United 
States the extent of the land from which the forests have been 
removed is measured in millions of acres. In the western half 
of the state of Washington alone the logged off or cut over land 
comprises approximately three million acres. Upon this land 
there still remains for the most part a dense and tangled mass of 
debris from the logging operations consisting of stumps, tree 
tops, branches, rejected logs and underbrush. To remove this 
debris and clear the land so that it may be used for agriculture 
requires an outlay of labor and power which, when measured in 
money, is equivalent to not less than $100 and frequently as 
much as $200 per acre. 

In view of these facts it has seemed reasonable to many that 
an attempt should be made to utilize this waste by subjecting 
it to proper methods of treatment so as to yield marketable 
commodities and thus render some compensation to those 
engaged in clearing, thereby lessening the cost of the agricultural 
lands of the wooded portions of the Pacific Northwest. With 
this end in view a number of investigations have been carried 
on by the writer in cooperation with the Federal bureaus and 
with commerica! organizations and an attempt will be made in 
this paper to present a review of the work which has been under 
way during the past three years. This may be conveniently 
grouped under the heads of (1) Steam distillation products; 
(2) Destructive distillation products; and (3) Hydrolyzed or 
fermentation products. 
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I. Steam Distillation Products 

The work has thus far been largely restricted to the waste 
wood resulting from the logging of Douglas fir (Pseudotsuga 
taxifolia) 1 and comprises the products obtained by distilling fir 
stumps in one experiment and fir boughs containing the needles 
in the other experiment. 

For the distillation of fir stumps one of the commercial plants 
was utilized. A representative sample of wood was transported 
to the plant and there reduced by means of a wood chipper or 
“hogging” machine to small chips. Four thousand pounds of 
these chips were loaded into a retort and steam distilled for a 
period of four hours, the steam being obtained from boilers 
operating under a pressure of fifty pounds. 

The yield of oil obtained in this experiment was five and one- 
fourth (5|) gallons. It had a straw yellow color with a speci- 
fic gravity at 15.5 degrees C. of 0.8799 and a viscosity (Engler 
method) of 1.13. When redistilled with saturated steam it 
yielded eighty per cent of water white distillate, the residue 
consisting of a heavy yellow oil with a characteristic but pleasant 
resinous odor. The name “Oil of Douglas Fir” has been ten- 
tatively assigned to this residue. 

The water white distillate was next examined by the methods 
prescribed in Bulletin 109, revised, Bureau of Chemistry, United 
States Department of Agriculture, and the following constants 
determined: 


Specific gravity at 15.5° C 0.8676 

Distillation— Initial boiling point is 156° C. and 95% dis- 
tills between 156° and 165° C. 

Residue on evaporation 1.115 gms. 

Refractive index at 15.5° C 1 4718 

“ “ “ 20° C 1.4696 

Polymerization less than 0.1 cc. 

Flashpoint 46° q . 


1 A detailed study of the cal obtained from the leaves or needles of the Western 
Red Cedar (Thuja plicata) has been made by Rose and Livingston in J. Am, 
Ghern. Soc. 84801 . 
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Spot test no stain 

Rotation (oc) 20° C 25° Iaevo 

Iodine number 211.9 


These results show that the water white distillate conforms to 
the tests for turpentine and make it similar to that obtained from 
the Baltic pine in Europe and generally known as French tur- 
pentine. 

The yellow residue or oil of Douglas fir was next studied in 
order to determine its nature and probable composition, and the 


following constants determined: 

Specific gravity at 20° C 0.936 

Rotation (oc) 20° C 37.6°laevo 

Refractivity at 20° C 1.4818 

Solubility in 70% alcohol. . . 49 parts oil in 100 of alcohol. 

Acid number 1.55 

Saponification number 11.1 

Iodine number 185.0 

Melting point (By solid CO 2 ) below 40° C. 

Distillation — Initial boiling point is 175°, 57.4% distilling 
between 214 and 226° C. 

Hydrogen 11 . 9% 

Carbon 76 . 0% 

Combustion data -j Oxygen 12.1% 

Nitrogen 00.0% 

k Halogen 00.0% 


From these results and others described by Benson and Dar- 
rin, 1 the conclusion was reached that at least one-third of the 
oil of Douglas fir consisted of terpineol and that it bore a close 
resemblance to the pine oil described by Walker* and Teeple* 
and for which important industrial applications have been 
found. Subsequent experiments have shown the terpineol 
content to be considerably higher, probably close to 48%. 

For the steam distillation of green fir boughs and fir needles a 
small s till in the chemical engineering laboratory of the Uni- 
versity of Washington was used. From 100 to 200 pounds of 

1 J. Ind. Eng. CSbem. 8: 818. 1 Mass. Inst. Tech. Bull Sept., 1905. 

, J. Am. Chem. Soc. 80: 412. 
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green, boughs after being cut into small pieces by a wood chipper 
were distilled for three hours with steam heated to 250° F. in a 
superheater. The yield of oil thus obtained was 0.45%. It had 
a yellow-green color with a decidedly pleasant odor. To this 
oil the name "Fir leaf oil” is tentatively assigned. Its specific 
gravity at 20° C. is 0.864 and on fractional distillation the fol- 
lowing results were obtained. 

162-168° C 18% clear water white 

168-172° C 23% “ 

172-175° C 18% " “ " 

175-180° C 15% less clear, slightly yellow 

180-230° C 16% “ “ yellow 

Residue 10% brown liquid 

The chemical composition as found by combustion analysis 
is as follows: 

C 78.3% 

H 11.4% 

O 10.3% 

On more careful fractionation under diminished pressure it 
was found that 70% of the fir leaf oil boiled at the same tempera- 
ture (65 to 70° C. at 20 mm) with a specific gravity of 0.8639 at 
20° C., while the last fraction boiled between 70° and 200° C. 
at 20 mm. and has a specific gravity of 0.8905 at 20° C. It 
seems probable from the above results and from other incomplete 
data that fir leaf oil consists in the main of a terpene and an ester 
the nature of which is now being determined in the investigation 
under way, by the usual methods. 

Before concluding this portion of the review it should be noted 
that the process of steam distillation of coniferous wood is often 
supplemented by extraction with a solvent in order to recover 
the resin usually present in wood of this character. No appara- 
tus suitable for such extraction having been available, an attempt 
was made to ascertain the rosin content of the steam distilled 
chips which had yielded the water white turpentine and the oil 
of Douglas fir by percolating hot alcohol over the chips. The 
yield thus obtained was about 300 pounds calculated to a four 
thousand pound sample basis. This extract was dark brown in 
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color, 70% of which was soluble in petroleum naptha (86° Be.) 
and upon removal of the latter yielded a lemon yellow solid of 
good transparency and clearness. 

II. Destructive Distillation Products 

In order to carry on these tests use was made of a number of 
industrial plants in operation in the Northwest, all of which, 
however, have been operating on the waste wood from sawmills. 
Stumpwood was therefore transported to a plant of the destruc- 
tive distillation type and subjected to the usual process, the 
yield of products being given in the following table: 


Amount of wood distilled 29,160 lbs. 

Crude turpentine 12.5 gallons 

Light oil 25.0 “ 

Heavy tar 93.9 “ 

Pyroligneous acid 1,314 “ 

Charcoal 5,547 lbs. 


The refining of these products has not by any means become 
standardized in the Northwest and it is difficult to give in con- 
densed form a statement of the exact products contained in the 
groups of products mentioned in the table of yields. 

From the crude turpentine and light oil mentioned wood tur- 
pentine conforming to the usual standards for such turpentine 
can undoubtedly be obtained. The analyses made in this inves- 
tigation show the need of methods of refining which differ from 
those now in use in the Northwest and modifications are being 
made with this purpose in mind. 

The analysis of the tar, however, may be presented as indica- 
tive of its nature and consequent uses. These results are given 
in the tables which follow: 

Analysis op Tar 


Specific gravity at 18° C 1.068 

Flash point 105° C. 

Fire point 131° C. 

Free carbon 1 . 18% 

■Viscosity at 100° C. (Engler method) 1.5 
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Fixed carbon 3.16% 

Insoluble in 86° Be', naptha 24.37% 

Distillation . 

Water 4.0% 

Below 170° C 8.0% 

170°-215°. 61.0% 

Solid pitch 22.0% 

Analysis of Solid Pitch 

Color — Black with bright lustre in mass and brown when 
powdered 

Fracture Conchoidal 

Melting point 154° C. 

Free carbon 18.23% 

Volatile matter 68 . 28% 

Fixed carbon 31 . 54% 

Ash 0.18% 


The results obtained from the analysis of pyroligneous acid 
are not of a sufficiently definite character to serve as a summation, 
in part due to the manipulation of the acid in the plant and in 
part to the methods used for analysis. Modifications, now in 
progress will, it is believed, give more accurate and conclusive 
results. From the incomplete data available a conservative 
estimate places the yield of products which may be obtained 
from the pyroligneous acid in the test under discussion as follows: 


Methyl alcohol containing acetone 8 to 10 gallons per 

4000 lbs. of wood 

Gray acetate of lime 85 lbs. per 4000 lbs. 

ofwood. 


In concluding the review on this process it may be said that 
the successful utilization of wood waste by destructive distilla- 
tion depends upon the adoption of successful refining methods 
and the production of marketable commodities such as wood 
turpentine, shingle stain oils, tar paints suitable for damp proofing 
and for metallic surfaces, commercial acetic acid, wood alcohol 
suitable for denaturing purposes and briquetted charcoal fuel. 
This contemplates an interesting field but none the less impera- 
tive for the success of this process. 
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III. Hydrolyzed or Fermentation Products 

The use of wood waste in the Pacific Northwest for the manu- 
facture of ethyl alcohol under the Classen patents has been prac- 
ticed during the past year at one plant. Sulphurous acid was 
used as the agent for hydrolyzing the sawdust which was obtained 
from sawmills. The investigations under the writer’s direction 
were not directly concerned with this method of utilization and 
the yield of ethyl alcohol is not known except as reported by the 
officers connected with the plant who put the yield at 30 proof 
gallons per ton of theoretically dry sawdust. 

The problem of the utilization of the extracted sawdust in 
this process was, however, made the subject of an investigation 
in the writer’s laboratory. This material is of a dark brown color 
and granular in character when dry. It contains approximately 
90% of cellulose and gives no reaction for ligno cellulose. The 
dark color may be removed by boiling with a 10% solution of 
nitric acid yielding a light or lemon yellow product which was 
found particularly adapted for conversion into pyroxylin and 
viscose products. 

The future of this method of utilization is, however, quite 
uncertain at this time, since the single plant in operation has 
encountered many difficulties of a discouraging nature and at 
this time has ceased to use sawdust as its raw material for the 
manufacture of ethyl alcohol. 

General Summary 

The waste wood of the Pacific Northwest is of enormous 
quantity. The experiments above cited show that high grade 
commodities may be obtained from this kind of wood by the 
various processes mentioned. The successful utilization, how- 
ever, lies in the production of commodities which may be sold 
in somewhat locally restricted regions and the industries to be 
built up on waste wood as a raw material cannot therefore entirely 
follow the beaten path which similar industries have pursued in 
the more populous and congested centers. 




( Abstract ) 

THE ACTION OF POTASSIUM XANTHOGENATE ON 
HALOGEN-MALONIC ACIDS 

Einar Biilmann and Erik Host Madsen 
Chemical Laboratory of the University , Copenhagen 

In former papers it has been shown, that by action of potas- 
sium xanthogenate on the halogen derivatives of a series of organic 
acids there are formed xanthogenic derivatives of these acids, 
which by treatment with aqueous or alcoholic ammonia are 
converted without any difficulty into mercapto acids, these pro- 
cesses presenting a very convenient method for the preparation 
of pure mercapto acids. 1 By working with halogen derivatives 
of malonic acid and alkylmalonic acids, however, particular 
difficulties were observed. By action of the xanthogenate of 
potassium, e. g., on the diethyl ester of brommalonic acid, only 
the so called thiocarbonylmalonate of ethyl 

(C2H 5 0 2 C)2 :C— C :(C02C 2 H 5 )2 

i i 
sc-cs 

could be isolated. 2 

This question has now been investigated again, and we give 
here the results of this investigation. We have examined the 
action of xanthogenate of potassium on the following halogen 
derivatives of malonic acid and alkylmalonic acids: 

brommalonic acid 
isopropyl-brommalonic acid 
ethyl-brommalonic acid 
benzyl-brommalonic acid. 

i Annalen der Chemie, 339, 351; 343, 20 and 133; 364, 314. 

i Biilmann: Studier over organiake Svovlforbindelser, Copenhagen 1904 
p. 98. 
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It was found that these acids form xanthogenic derivatives 
of the malonic acids, the reaction being expressed by the equation 

C 2 H 6 O.CS.SK+g r > C(COOK) s = 

C 2 HsO.CS 2 q> C(COOK) 2 +KBr (I) 

It seems that the velocities of these reactions decrease in the 
order in which the acids are named above. In 24 hours 78, 
2-99, 8 per cent had reacted in the said manner. 

The xanthogen-malonic acids, which are formed, are very 
unstable. When the solutions of their alkali salts were acidu- 
lated, carbon dioxide was evolved and the xanthogenmalonic 
acids could not be obtained in a pure state. They were con- 
verted into the corresponding monobasic acids, simply by heating 
the acidulated solutions. In this manner we isolated xanthogen- 
acetic acid and oc -xanthogen butyric acid, which have been pre- 
viously described, 1 and jS-phenyl-oc -xanthogenpropionic acid, 
which will be described hereafter. 

An entirely different reaction was found to take place, if the 
mixtures of the solutions of alkali xanthogenate and alkali salts 
of halogenmalonic acids are acidulated immediately after mixing. 
Then the halogen is substituted by hydrogen, and the xantho- 
genate ion is oxydized to “dixanthogen,” corresponding to the 
equation: 

R 

2G 2 H 6 O.CS.SK+ ^>C(COOK) 2 +3HCl 
Br 

C2H5O.CS, R (II) 

= | + ^C(COOH) 2 +KBr+3KCl. 

C 2 H b O.CS 2 h 

This change is quantitative, and can be used for the determin- 
ation of the rapidity with which the process I advances. The 
dixanthogen can be quantitatively isolated without difficulty, 
and, being a measure for the part of the halogen compound 
which at a distinct moment has not yet reacted after process I, 
it gives, as difference, also the part which has reacted. Besides 

1 Biflmaim, Annalen der Chemie, 1. c. 
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this reaction, however, a part of the acid is changed by hydro- 
lysis. E. Hst Madsen 1 has examined the hydrolysis of these 
acids and found that when alkali hydroxide is present, the pro- 
cess is monomolecular and consequently a true hydroylsis. 
Direct determinations, however, of the amounts of xanthogen 
compounds, which are formed in 24 hours, have shown that 
under these circumstances, the change I is the main reaction and 
not the hydrolysis. 

The (3-phenyl-oc -xanthogen propionic acid mentioned above 
was prepared by the action of potassium xanthogenate on the 
sodium salt of oc -bromphenylpropionic acid in aqueous solution 
at 18°. After 3-4 hours the solution was acidified with hydro- 
chloric acid, and the precipitated acid dissolved in ether. This 
solution was then dried with sodium sulphate and mixed with 
pure acetic acid. By the evaporation of the ether, the acid 
separated in colourless crystals. 

The acid melts by 89-90°; it is odourless. In alcohol, ether 
and hot acetic acid it is very soluble, but slightly in water and 
cold acetic acid. 

The j3-phenyl-a -xanthogen-propionic acid was converted into 
/3-phenyl-oo-mercaptopropionic acid by treatment with a mix- 
ture of aqueous ammonia and alcohol, corresponding to the 
equation 

C»H5.CH,.CH.COOH =C6H5.CH 2 .CH.COOH 

S.CS.OCaHt+HNHa SH+GH 5 OCS.NH 2 . 

The xanthogenamid and the mercapto acid were separated by 
the method, which has been used with mercapto-acids described 
in former papers, and the acid was purified by distillation in a 
vacuum. It boiled at 184-7° under ll-12mm. pressure. 17g. of 
/3-phenyl-x -xanthogenpropionic acid gave 7 g. pure j3-phenyl- 
oo -xanthogenpropionic acid, theory 11.5 g. 

The new acid is obtained as colourless crystals, which melt at 
46°. It has the odour which is characteristic for mercapto acids. 
In alcohol and ether the acid is very soluble, slightly in water. 

* Kritiske Studier over Alkoholaters og Baaers Indvirkning paa organiske 
Halogenforbmdelaer, Copenhagen 1912. 
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By the action of copper salts on the alkali salts of the mercapto 
acid, the latter is oxydiaed to a disulphide acid, and the cuprous 
salt of the mercapto acid is precipitated, corresponding the 
equation: 

ySH 

4C6Hs.CH2.CH +2CuSO< 

\x)ONa 

C«Hs CH,.CH.COONa C6H 6 .CH.,CH.COOH 


S 


+ 


A 


g ^>Cu 2 +Na,S0 4 


C 6 Hs.CH 2 .CH.COONa C6H 6 .CH 2 .CH 2 .COOH 


For the preparation of the <x -disulphide-^-phenylpropionic 
acid the mercapto acid is oxydized with jodine, when the disul- 
phide acid was obtained as a crystalline solid. 



THE PRODUCTS OF THE LACTIC FERMENTATION 

OF SUGARS 


Alan A. Claflin 
Boston, Mass. 

There is a well defined sentiment pervading the literature 
relating to Lactic Fermentation that the equation CeH M 0« = 
2CjHoOa does not represent the reaction which actually takes 
place when a carbo-hydrate solution is fermented by Lactic 
Bacteria. Indeed Lafar 1 quotes Adolf Mayer as authority for 
a yield of 83.9 percent Lactic Acid when a solution was fermented 
presumably by Bacilli Acidi Lactici, and S. Kayser for a yield 
of 70% when a solution of Lactose is fermented by the same 
Bacteria. Other observers do not give figures, but the consensus 
of opinion seems to support the conclusion of Mayer and Kayser 
that the yield is not over 84 percent Lactic Acid and that con- 
siderable quantities of volatile acids are formed. The principal 
work on Lactic Fermentation has however been done from a 
bacteriological point of view, and the chemical side is rather 
nebulous, because when the fermentations are conducted on the 
small scale that is essential for absolutely pure culture conditions 
the quantities of acids produced are too minute for accurate 
analytical determinations. With a method for gravimetric 
determination of Lactic Acid lacking, and therefore even the 
determination of the actual Lactic Acid present in commercial 
samples still a subject of controversy among technical chemists,* 
the doubt about the yield of Lactic acid produced by any par- 
ticular Bacteria is not surprising. 

In this paper it is the purpose to consider the subject only 
from the chemical side, with no reference to the bacteriological 

• Technical Mycology, 1898, vol. 1, p. 226. 

• Klapproth, Chem. Ztg., 35, p. 1026; and Besson, Ibid., 35, p. 1209-10. 
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side, to report the observations as made considering the produc- 
tion of Lactic Acid as a factory process. 

In the first place the statement that the yield of Lactic Acid 
depends on the nature of the sugar and nutrient material which 
is current in the literature but based on no particular definitely 
cited observations, has apparently no foundation in fact. Mal- 
tose, hydrolyzed starch and inverted cane sugar give the same 
results when impregnated with the same Bacteria and given the 
«a.m a treatment. An excess of nitrogenous materials affords 
attractive opportunity for the development of putrefying bac- 
teria, but this is obviously an abnormal condition, as it is pos- 
sible to have mashes high in nitrogen produce Lactic Acid with 
no trace of Butyric Acid (the chemical evidence of putrefactive 
bacteria) although it is more difficult than with a less fertile 
mash. 

Qualitatively the following volatile acids are found occurring 
in the Lactic Acid solution, Formic, Acetic, Propionic, Butyric. 
The separation of these acids from each other and from the 
Lactic Acid offers difficulties and quantitative results are only 
approximate. The two dominant acids that may be present 
are Acetic and Butyric. Formic Acid is apparently never pro- 
duced in quantity greater than one percent of the original sugar. 
Propionic Add occurs in about the ratio of 1 part Propionic Acid 
to 10 parts Acetic Acid. The percentage of Acetic Acid present 
depends on the degree of aeration, it may reach the proportion 
indicated by Kayser of 30 Acetic Acid to 70 Lactic Acid. It is 
not proven beyond all possibility of question that the same 
Bacteria produce Acetic Acid in this proportion when abundant 
air is present and do not produce it at all under anerobic condi- 
tions, but bacteriological examination does not disclose any very 
great difference in the proportion or variety of species present 
in two ferments which may give widely different ratios of volatile 
and Lactic Acid. The presence of Butyric Acid is evidence of 
neglect and is a factor that therefore need not be considered. 

Ninety five to ninety seven percent of the sugar may be con- 
verted into Lactic Acid, with the formation of not over one- 
half of one percent of volatile acid. Under conditions which 
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produce this result the balance is unfennented sugar. To fer- 
ment out all the sugar involves an increase in the proportion of 
volatile acids. Thus to ferment all the sugar results in a lower 
yield of Lactic Acid, e. g. ninety percent Lactic Acid, five per- 
cent mixed volatile acids, and the balance unaccounted for prob- 
ably disappearing as water and carbon-dioxide. 





(Abstract) 

THE PRESENT STATUS OF THE AMERICAN TAN- 
NING INDUSTRY 

Alan Claflln 
East Boston, Mass. 

American tanning industry has developed independent of 
European practice. At present chestnut oak extract consti- 
tutes 45% of tannage of sole leather, Quebracho constitutes 25%, 
Hemlock Bark 15%, Oak Bark 10%, Mangrove, Myrabolams 
and Valonia 5%. Harness and belt leather tannages about in 
same proportion as sole leather. Upper leathers are tanned in a 
constantly increasing proportion by the chrome process. Goat- 
skins axe tanned by two bath chrome process. Sheep-skins still 
tanned largely by vegetable tanning agents. Calf-skins tanned by 
both one and two bath tannages, when two bath process is used 
Bi-sulphite of Soda is the reducing agent. Side leather tanned by 
one bath process. Chrome harness and belt leather not very 
important. Chrome sole leather growing steadily in importance. 
Widest use for athletic shoes. 
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THE SALTS OF ACRIDINE, PYRIDINE AND QUINO- 
LINE 

L. H. Cone 
Ann Arbor, Mich. 

In previous papers it has been shown that the derivatives of 
the phenyl xanthenols (II) are completely analagous in their 
reactions to the corresponding derivatives of the triphenylcar- 
binols (I). 




IY 


This complete analogy between the oxygen free triphenylcar- 
binol derivatives and the corresponding derivatives of the xan- 
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thenols justified the conclusion that the salts of the latter sub- 
stances could not be oxonium salts (IV) as had been generally 
assumed, but must be quinocarbonium salts (III). Experi- 
mental results are described in this paper which show that this 
analogy between the triphenyl carbinols and the xanthenols 
extends to the derivatives of phenyl acridol (V), 



R R 

V VI 


and even to the salts of pyridine and quinoline. 

The phenylacridols form chloride hydrochlorides VI just as 
do the xanthenols and the methoxytriphenylcarbinols. From 
these hydrochlorides normal chlorides have been prepared, which 
in contrast to the colorless benzoid, normal chlorides of the xan- 
thenols and triphenylcarbinols are quinoid, colored chlorides. 
These colored acridol chlorides, react however with metallic 
silver just as does triphenylchlormethane, forming a metal halide 
and an unsaturated compound analagous to triphenylmethyl. 
This unsaturated compound is readily oxidizable at the time of 
its formation and absorbs an amount of oxygen corresponding 
exactly to the formation of a peroxide of the type of triphenyl- 
methylperoxide. Exactly the same type of reaction takes place 
between the metals and the salts of pyridine and quinoline but 
does not take place with open chain ammonium salts. It has 
also been shown that silver halides form double salts with the 
salts of the acridols, pyridine and quinoline. 


AN IMPROVED METHOD FOR THE PRODUCTION 
OF MONO-B- AMIDO ANTHRAQUINONE 

M. L. Cbossley 

William Jewett College, Liberty, Mo. 

Mono-beta-amido anthraquinone was discovered in 1879 by 
R. Bourcart and later independently by Hugo von Perger. Both 
of these men employed the same method for its production and 
obtained very small yields. They secured the compound by 
heating anthraquinone mono-beta sodium sulphonate with 
ammonium hydroxide (25% NHs) in a sealed glass tube. 

Recently I conducted an investigation in which mono-beta 
amido anthraquinone was the initial compound and in an attempt 
to follow the directions of Bourcart and Perger for its production, 
I found that while it was possible to produce the compound by 
their method, the process was neither safe nor economical. I 
have experimented with various grades of glass tubes and found 
in almost every case that the glass will not stand the pressure 
and dissolving action of ammonia at a temperature high enough 
to form the mono-beta amido anthraquinone. Of a series of thirty 
experiments carried out in glass tubes all but two exploded. 
The yield obtained in the two successful experiments was very 
small. It was obvious that mono-beta amido anthraquinone 
could not economically and safely be produced by this method. 
In addition to the small yield and the uncertainty of success of 
the experiment the element of danger was too great. 

Since the substance was absolutely necessary in my work, and 
since I had to use it in fairly large quantities, it became evident 
that a laboratory method for its production would have to be 
worked out. At the outset it was recognized that any method 
to be successful as a laboratory process must, as far as possible, 
minimize the element of danger for the experimenter; must give 
the largest possible yield and must also be capable of application 
in a laboratory of moderate equipment. In all about one 
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hundred and ten experiments were carried out. Some of these 
were successful and others were not, but, as a result of the inves- 
tigation, the element of danger for the experimenter has been 
practically eliminated and the yield of the product increased 
from 14% to 45%. 

After considerable experimentation the method which I find 
best for the production of mono-beta amido anthraquinone is as 
follows: 

Ten grams of anthraquinone mono-beta sodium sulphonate, 
124cc ammonium hydroxide (29% NH S ) and 20cc. of water 
are placed in an extra heavy wrought iron tube, 24" long and 1" 
in dia., one end of which is closed with an inch and one-half 
threaded plug. The other end of the tube is then closed by a 
similar plug and the tube shaken several times to facilitate the 
mixing of its contents. The tube is heated in a bomb-furnace 
for six hours at 190° C. After the tube cools the plugs are re- 
moved and and its contents washed out on a Buchner f un nel 
The amido compound is insoluble in water and must be washed 
thoroughly with hot water. To purify the mono-beta amido 
anthraquinone it is recrystallized from ethyl or amyl alcohols. 
Prepared by this method 4.5 grams are obtained from ten grams 
of anthraquinone mono-beta sodium sulphonate. 

In the production of mono-beta amido anthraquinone a by- 
product is formed. This is extremely soluble in water and in 
alkali but insoluble in acid. When the ammoniacal filtrate from 
the amido compound is treated with hydrochloric acid a brownish 
flaky precipitate forms. This is very soluble in water and has 
very high coloring power on animal fibers. This substance is 
worthy of further investigation. 




(Abstract) 


INTERMEDIATE ADDITION PRODUCTS IN THE 
REACTIONS OF ORGANIC CHEMISTRY: THE 
MECHANISM OF THE REACTION IN THE 
FORMATION OF HYDRAZONES 

Richard Sydney Curtiss and Charles K. Hewes 
University of Illinois, Urbana, III. 

This paper records the results of a study of various hydrazins 
on methyl oxomalonate. Hydrazons result. The authors 
believe that substitution according to Dumas’ theory rarely 
occurs in organic reactions. It is believed that molecules first 
unite. The unstable addition products then separate into ten 
stable end products of the reaction. They separate such inter- 
mediate products and describe them in the case of phenylhydra^- 
zin sym. diphenylhydrazin, asym. methylphenylhydrazin, and 
a N apthylamine, acting on methyl oxomalonate. 
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THE MECHANISM OF HYDRAZON FORMATION WITH 
ETHYL OXOMALONATE 

Richard Sydney Curtiss and Vanayak Yeshawant Shewade 
University of Illinois , Urbana, III . 

The mechanism of the hydrazon formation with this ketoester 
is here described. 

Phenylhydrazin and ethyl oxomalonate react intensely, forming 
a hydrazon and water. With great care an intermediate addition 
HHO 

product CeHgNH.N — C = (C0 2 C 2 H5)2 can be separated out. 
This readily loses the elements of water and gives the hydrazon. 

The same intermediate product can be obtained using ethyl 
dihydroxymalonate (H0) 2 = C = (C0 2 C 2 H 5 )2 in place of the keto- 
ester. The reaction is explained, not as a substitution reaction 
but by a primary dissociation of the dihydroxyester yielding a 
ketoester, and the latter adding the dissociated phenylhydrazin. 


355 




(Extrait) 


Justin Dupont et Louis Labaune 
Argentine , France 

Justin Dupont et Louis Labaune pr£sentent des observations 
sur quelques d6riv6s hydrosulfonis de composes non satur4s 
constituants des huiles essentielles. Ils ont reconnu que les 
alcools g6raniol, linalol, rhodinol, ainsi que le terpiniol, fournis- 
sent avec une grande facility des hydrosulfonates sodiques 
stables, solubles dans Teau, par simple agitation k froid avec des 
solutions dilutes de bisulfite de soude exempte de gaz sulfureux. 
L’alcool ciimamique se comporte de m&me, mais la proportion 
d'hydrosulfonate formee est beaucoup moindre. L ? 6th6rifica- 
tion de la fonction alcool leur fait perdre cette propri6t4 additive. 
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THE CHEMISTRY OF WOOD— THE RESINS OF THE 
DOUGLAS FIR 

George B. Frankeorter and Harold H. Brown 
University of Minnesota , Minneapolis , Minn . 

It is now generally admitted that every important species of 
the pine family is characterized by its own individual resin or 
resin acid. Although the prime object in beginning this work was 
to study the chemistry of the wood itself, the work had not pro- 
ceeded far when the importance of the resin present led us to 
change and to give our immediate attention to it. As a result, 
an acid which has been called betic acid was isolated from the 
resin which had been extracted from the wood. Recrystallized 
from 62 per cent alcohol, betic acid appeared as well formed 
crystals with a melting point of 143.5-144.5°. Analyses gave 
numbers for the formula C 17 H 24 O 2 . These results were also 
verified by analyses of its salts and by its neutral equivalent. 
Molecular weight determinations by the freezing point method, 
however, gave numbers nearly twice too high for the above for- 
mula, doubtless a result of polymerization. In addition to the 
preparation of the metallic salts, bromine and iodine compounds 
were made and studied. 

Nothing is known concerning the molecular constitution of 
betic acid at the present time, but it is hoped that work on the 
various other salts and on the general chemical behavior of the 
acid itself, may throw some light on the constitutional formula. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE 
CONDENSATION REACTION BY MEANS 
OF ALUMINUM CHLORIDE 

PART I.— THE ACTION OF CHLORAL, BROMAL AND 
ALUMINUM CHLORIDE ON THE PHENOLETHERS 

G. B. Frankforter and W. Kritchevsky 
University of Minnesota , Minneapolis , Minn . 

Aluminum chloride reacts vigorously with the phenolethers in 
the presence of chloral and bromal at the ordinary temperature, 
but if the temperature is kept at freezing or even below, the 
reaction takes place almost quantitatively, forming a series of 
compounds analogous to those obtained under similar conditions 
with concentrated sulphuric acid. In all the previous condensa- 
tion reactions, either sulphuric acid alone was used or with other 
substances like aluminum chloride. The writers found that 
anhydrous aluminum chloride reacts with the phenylether in 
the presence of chloral and bromal quite as readily as sulphuric 
acid, forming in each the same compounds. Thus substances 
like dianisyl trichlorethane and diphenytyl trichlorethane may 
be prepared quite as readily with aluminum chloride as with 
concentrated sulphuric acid, and in some cases the reaction is 
more satisfactory than when sulphuric acid alone is used. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE 
TERPENES. POLYMERIZATION OF PINENE 

G. B. Fbankfoeteh and F. W. Poppe 
University of Minnesota, Minneapolis, Minn. 

It has been shown (Jour. Am. Chem. Soc., 28, p. 1461) that 
when pinene is treated with nacent chlorine under proper condi- 
tions, common pinene hydrochloride is first formed; then follows 
a series of reactions in which chlorine is substituted for hydrogen 
in the pinene molecule, resulting in the formation of mono, di, 
tetra, penta and even nona chlorhydrochlorides. Thus, com- 
pounds with ten atoms (73 per cent) of chlorine were prepared 
by the above described method. It was found that somewhat 
similar reactions take place when pinene is treated with bromine 
and iodine, indicating that, under proper conditions, both ele- 
ments would form analagous derivatives. It required but few 
experiments to show that bromine, while apparently acting dif- 
ferently from chlorine, readily formed a mono and a dibromide 
(Wagner and Brickner, Ber. 32, 2302) together with higher 
brom-compounds. Unless bromine is added cautiously, however, 
it rapidly decomposes the pinene molecule, making the prepara- 
tion of the pure poly-derivatives extremely difficult. On this 
account, iodine was substituted for bromine as it gave more 
satisfactory results. 

Armstrong (Ber. 12, p. 1756), in studying the action of iodine 
on turpentine, found that by following out experiments similar 
to those which he and Gaskell (Ber. 11, p. 151) used in studying 
the action of iodine on camphor, obtained by distilling at 250° C, 
an oil representing about one half the total weight of the turpen- 
tine used. The residue he recognized as colophene but contain- 
ing a considerable amount of free iodine. It began to decompose 
at the above temperature, liberating a number of substances, 
among them ethyl iodide and cymene. 

The same year Armstrong and Tilden (Jour. Chem. Soc. 35, 
p. 733) repeated the work of Rebau obtaining colophene. They 
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were unable, however, to obtain it either from American or 
French turpentine. 

That common resin should be formed from pinene seems in 
perfect accord with what takes place in nature, as the relation- 
ship between pinene and common resin has long since been recog- 
nized. As early as 1840, Deville Ann. Chim. Phys. 75, p. 38) 
succeeded in polymerizing pinene into terebene, a polymer of 
pinene and an isomer of colophene, Rebau (Compt. rend. 76, 
p. 1547) in studying the action of concentrated sulphuric acid 
on turpentine, obtained an oily liquid boiling at 318-320° C. 
This oil he recognized as identical with that obtained by dis- 
tilling colophony. It is perhaps identical with the terebene of 
Deville. 

Nothing is known of the constitutional formula of colophene 
further than the fact that analysis indicate the formula C 20 H 32 
and that colophene would seem to be closely related to common 
resin, the principal constituent of which is abietic acid. No 
attempts seem to have been made to convert colophene to the 
resin acids. 

When iodine is brought in contact with pinene at the ordinary 
temperature, a violent reaction takes place with a rapid rise in 
temperature and an evolution of a large amount of hydriodic 
acid. When equal parts of iodine and pinene are cautiously 
brought together, the temperature rises from 166° to 180°, or 
above the boiling point of pinene. If the above quantity of 
iodine is added all at once, the reaction is extremely energetic, 
liberating both hydriodic acid and iodine with explosive violence. 
In case the temperature is allowed to rise, the reaction is complex, 
resulting in the decomposition of much of the pinene and form- 
ing a number of substances, including ethyl iodide and cymene. 
If the iodine is slowly added and especially if the temperature is 
kept for several days below 10° C, an entirely different reaction 
takes place. There are no indications of decomposition and 
both the hydroiodide and the diiodide are formed. 

In the first experiments iodine alone was used and the tem- 
perature kept below 10° C. The quantity of iodine which com- 
bined with pinene was comparatively small, being less than one 
third the weight of the pinene used. Even with this quantity 
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of iodine and all the necessary precautions concerning the tem- 
perature taken while adding the iodine, a violent decomposition 
followed an attempt to distil the liquid at ordinary atmospheric 
pressure. 

The first effort to bring about a more complete reaction at the 
ordinary temperature was made by using aluminum chloride 
with the iodine. The results were unsatisfactory as some pinene 
hydrochloride was formed and constantly appeared in fraction- 
ing off the iodides. The experiment was therefore repeated, 
using aluminum iodide instead of the chloride. 

To 500 grams of pure pinene, 50 grams of sublimed aluminum 
iodide were cautiously added. It was necessary to add the iodide 
in small quantities at a time and to keep the pinene in a freezing 
mixture on account of the violence of the reaction. After the 
aluminum iodide had been added and the mixture kept cool for 
several hours, 600 grams of iodine were then added, a little at 
a time. After standing for two days in a refrigerator, it was 
removed, the temperature gradually raised to 100° C and kept 
at that temperature for several hours. The whole was then 
transferred to a distilling flask and distilled at a pressure of 5 to 
15 millimeters. A preliminary examination of the heavy oily 
liquid before the distillation, showed that at least three substances 
were present, an unidentified terpene and two iodine compounds. 

The liquid was removed from the aluminum iodide and sub- 
jected to distillation in vacuo at 7 mm. pressure. A small amount 
of liquid passed over at 50° C. This proved to be the terpene 
mentioned above. The temperature then rapidly rose to 107° C 
at which point about one-third passed over. The first of this 
distillate which came over was colored from a small quantity of 
free iodine. The latter part, however, passed over perfectly 
clear. It proved to be an iodide of pinene and had a specific 
gravity of 1.447 and an index of refraction of 1.6245. It decom- 
posed rapidly on standing in sunlight, liberating iodine. Analy- _ 
ses gave numbers for the hydroiodide, notwithstanding the 
fact that its properties were somewhat different from those 
given for the simple hydroiodide. (Wagner and Brickner, Ber. 
32, 2302). Two analyses gave an average of 48.02 per cent of 
iodine; theoretical amount is 48.l3i 
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Pinendiiodide , C 10 H 16 I 2 . — After the above iodide had been 
removed, the distillation was continued, the temperature rising 
to 125° C. About one-fifth of the total distilled over between 
119 and 125° C at 7 mm. Distillation at 7 mm. failed to yield 
a perfectly colorless oil. At the time of distillation it had a 
light amber color but turned dark brown from liberation of iodine 
on standing. The liberation was rapid in sunlight. The oil 
thus obtained had a specific gravity of 1.69. 

Analysis gave the following: 

Found: I, 64.85. Calculated for C 10 H 16 I 2 , I 65.12. 

Since the diiodide was prepared and analyzed, Cassannova, 
(Boll. Chim. Farm. 48, 684) obtained by treating pinene with 
iodine in the presence of almond oil, a diiodide with a yellowish 
color and a boiling point of 170° C. 

Polymerization of Pinene . — As has already been stated, when 
the iodides of pinene are allowed to stand, especially in sunlight, 
decomposition begins immediately, liberating free iodine and 
forming polymers of pinene. Decomposition was observed in 
the hydroiodide but more especially in the diiodide. In fact, so 
rapid was the decomposition in the diiodocompound that it 
could not be obtained without some free iodine, and when finally 
obtained in a comparatively pure form, it turned black in a very 
short time when exposed to sunlight, owing to the liberation of 
iodine. It was found that by either allowing the iodides to 
stand or by distilling several times, the iodine could be completely 
removed, leaving behind hydrocarbons entirely free from iodine. 

Dipmene, (CioHis^. — Pure pinene was treated with an excess 
of iodine in the presence of aluminum iodide and allowed to 
stand ior some time in sunlight. It was then subjected to frac- 
tional distillation at 7 mm. pressure. At 50° to 55° free iodine 
passed off and the residue in the flask began to grow clear. 
The temperature was then raised from 138° to 140°, at which 
point practically all of the iodine had been removed and the 
residue changed from a dark brown to a light amber colored 
liquid. Between 140° and 180° a perfectly clear thick oil, 
resembling glycerine, distilled over. Most of ti passed over 
between 160-175. On redistilling, its boiling point ta 7 mm. was 
172° and its specific gravity was 0,947 at 20°, Its viscosity at 
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25° was 101 as compared with water. It is optically inactive 
but its index of refraction is very high, being 1.52517 at 23°. 

It proved to be insoluble in water but soluble in absolute 
alcohol, ether, chloroform and benzene. It is very stable, resist- 
ing nearly all of the common reagents. Fuming nitric acid 
oxidizes it to an unidentified acid. Three molecular weight 
determinations by the boiling and freezing point methods gave 
an average of 282. 

Calculated for dipinene (CioHie)s 272. 

Analysis gave the following: 

C 87.61 and 88.06 

H 11.20 and 11.44 

Calculated for dipinene (CioH^ C 88.23 H 11.77 
Dipinene resembles colophene very closely and is doubtless an 
isomer. 

Colophonene, CioHie) 4 - — Fractional distillation was now contin- 
ued, raising the temperature to 230 at 7 mm. pressure. Distil- 
lation practically ceased at this point except for a small quan- 
tity of a semi-solid substance which collected in the condenser. 
As soon as the temperature reached 230°, the whole mass in the 
flask began to fluoresce. After holding the temperature half an 
hour at 230°, fluorescence became brilliant. Distillation was 
then stopped, the mass cooled down and examined. The sub- 
stance proved to be a solid with a melting point of about 100°. 
It was of a light amber or rosin color, very brittle, breaking with 
the fracture peculiar to common rosin. In general properties 
it closely resembled common rosin except that it is insoluble in 
the alkalies and only moderately soluble in absolute alcohol. 
By dissolving in absolute and cautiously adding common alco- 
hol, the substance was precipitated as a light yellow crystalline 
powder, which after repeated recrystallizations, melted at 102°- 
103°. Like the dipinene, colophene proved to be extremely 
stable. It is not changed by concentrated mineral acids. Fum- 
ing nitric acid after long treatment changes it to an acid which is 
under investigation at the present time. Two molecular weight 
determinations gave an average of 539. 

Calculated for (CioHu) 4 544. 
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Analysis gave the following: C = 88.01 H = 11.92 

Calculated for (CmHm)* C = 88.23 H- 11.77 

The Action of Chlorine on Colophonene . — Free chlorine under 
ordinary conditions does not attack colophonene but when 
treated with the nascent element, a chloride of colophonene is 
formed. 

Colophcmenetetrachloride f (CioHisCl)^ — Pure pulverized colo- 
phonene was suspended in a solution of potassium permanganate 
and hydrochloric acid added. After standing for several days, 
during which time potassium permanganate and hydrochloric 
acid were repeatedly added with frequent shaking, the insoluble 
substance formed was filtered off, washed with water and recrys- 
tallized several times from alcohol. The substance thus ob- 
tained was white, changing to a light yellow on standing in the 
air. After purifying and drying in a desiccator, the substance 
was perfectly white. It began to shrink at 115° but finally 
melted at 119-121°. Two chlorine determinations gave an aver- 
age of 20.66 CL 

Calculated for (CioHisCl)* Cl =20.82 

It was also found that sulphuryl chloride would attack colo- 
phonene, forming a chlorine compound free from sulphur. The 
chloride was prepared by dissolving the powdered colophonene 
in chloroform and treating with an excess of sulphuryl chloride. 
The solution turned brown immediately and finally black. 
After standing for some time the excess of the sulphuryl chloride 
and the chloroform were removed by evaporation, leaving a 
greenish brown residue with an extremely penetrating odor. 
This odor was neither due to the chloride itself nor to hydro- 
chloric acid, chlorine, sulphur dioxide or sulphuryl chloride. 
It resembled phosgen very closely. The slightly waxy substance, 
remaining after evaporation, was dissolved in absolute alcohol 
and reprecipitated with common alcohol It came down as an 
almost white flocculent powder with indications of crystalliza- 
tion. The substance, repurified by the above method, melted 
at 99-102°. Two analyses gave an average of 20.81 per cent 
of chlorine. 

Calculated for (CioHi 5 C1) 4 Cl = 20.82 
The two chlorides evidently have the same composition but from 
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the melting points and properties in general, they are probably 
isomeric compounds. Other derivatives of colophonene are 
under investigation. 

Sufficient data has not been obtained to throw much light 
upon the molecular constitution of these compounds, but from 
what work has been done, it seems probable that the pinene 
rings are doubly joined to each other, in which case the reaction 
may be represented by the following simple equations: 

2 CioHisIa = CioHis = CioHie+2 Is and 
4 C 10 H 16 I 2 = CioHie = CioHis = CioHis = CioHi6+4 12. 

This may be assumed we think from the remarkable stability of 
the compounds. Work toward the constitutional formula is 
now in progress. 





( Abstract ) 


ETHERS OR OXIDES IN THE TRIPHENYLMETH- 

ANE SERIES 

M. Gomberg 

University of Michigan , Ann Arbor , Mich . 

Ethers or oxides of the triarylmethyls are very near to the 
hypothetical hexaarylethanes in structure, since in them the two 
triarylmethyl radicles are separated from each other only by one 
atom of oxygen. A general reaction is here described by means 
of which these ethers can be prepared. It is also shown that 
compounds, supposedly ethers of this type, previously described 
by others are not in reality ethers. It has been found that these 
oxides are quite stable, as compared with other classes of bodies 
also closely related to the hypothetical hexaarylethanes. An 
explanation is offered in this paper as to why previous attempts 
to prepare para-hydroxy-triphenylcarbinol chloride have failed. 
A description of this chloride is given, and on the basis of its 
general behavior, it is looked upon as a quinocarbonium salt. 
The existence of this salt in that form furnishes an additional 
argument in favor of considering the simple colored derivatives, 
as well as the more complex dyes of the xanthone group, as quino- 
carbonium, in preference to oxonium, salts. 
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SUR LA RECHERCHE DE L’lONONE 


M. Haneiot 

Professen VEcole Munidpale de Physique et de Chimie, 
Paris , France 

L’ionone a pris aujourd’hui une grande importance dans la 
fabrication des parfums oil elle tend k remplacer en tout 
ou en partie l’essence de violettes naturelle. Actuellement il 
n’existe pas de reaction permettant de la reconnaltre chimique- 
ment; on se contente d’utiliser l’Evaporation lente du parfum qui 
permet de saisir son odeur caractEristique, surtout au debut de 
I’ Evaporation. La reaction suivante permet d’en retrouver 
moins de un milliEme. 

Lorsque l’on dissout l’ionone dans l’acide chlorhydrique con- 
centre, il se produit une coloration jaune d’or intense; si l’on 
ajoute de l’hydrate de chloral et que l’on chauffe, la liqueur se 
colore en violet sale. On laisse refroidir et on agite avec de 
l’Ether. La liqueur se dEcolore. 

La solution EthErEe, EvaporEe k froid sur un verre de montre 
laisse une veritable matiEre colorante violette, soluble dans l’eau, 
instantanEment dEcolorEe par l’Ether. Cette derniEre reaction 
est si sensible qu’il suffit de verser les vapeurs d’Ether sur le 
verre de montre pour obtenir la decoloration de la matiEre 
violette. 

L’isoionone doime la tnEme reaction; il est mEme probable que 
celle-ci n’a lieu avec l’ionone qu’aprEs sa transformation en iso- 
ionone par l’acide chlorhydrique. Il ne m’a en effet pas Et6 
possible d’obtenir cette reaction en milieu neutre ou alcalin. 

La pseudoionone, ni l’essence d’iris ni l’essence de violettes 
naturelles ne donnent la reaction qui est encore sensible avec 
l’ionone Et la dose de v.Trtnr. J’ai pu retrouver ainsi des traces 
d’ionone dans un grand nombre de parfums commerciaux. Enfin 
la presence des essences naturelles ne paralt pas gEner la reaction. 
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Je n’ai pas r6ussi & transformer cette reaction en proc£d4 de 
dosage de Fionone ni par voie pond6rale ? ni par voie coloring 
trique. Je n’ai pas davantage pu isoler de compose ddfini dans 
cette reaction; j ; ai seulement constate que la matifere colorante 
violette contient du chlore combing, non enlevable par les alcalis, 
c 7 est-&-dire provenant du chloral. 


(Abstract) 


THE KINETICS OF THE INVERSION OF SUCROSE 
BY INVERTASE 

C. S. Hudson 

U. 8. Department of Agriculture, Washington, D. C. 

Measurements by tbe polariscopic method at 30° of the rate 
at which the enzym invertase, prepared from bottom, yeast, 
hydrolyzes pure sucrose in aqueous solution under the conditions 
of slight acidity which cause the maximum enzymotic activity, 
show that the reaction deviates from the unimolecular order to a 
large extent in fourteen per cent sugar solutions, but approaches 
agreement with this order as the dilution increases. As the 
concentration of sucrose increases above fourteen per cent the 
reaction again approaches this order and in fifty and sixty per 
cent solutions the order is followed within the limits of experi- 
mental error. 
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AN IMPROVED APPARATUS FOR THE DETER- 
MINATION OF CARBOXYL GROUPS IN 
ORGANIC ACIDS 

W. H. Hunter and J. D. Edwards 
East Boston, Mass. 

Fritz Fuchs 1 has described a very simple and neat method for 
the determination of carboxyl groups which depends on the fact 
that even- weak organic acids will immediately disengage hydro- 
gen sulphide from solutions of potassium sulphydrate, stable 
solutions of which may be made by saturating potash solutions 
with hydrogen sulphide and keeping an excess of this gas in 
contact with the liquid. 

The equation involved is 

RCOOH+KSH+XH 2 S =RCOOK+XH 2 S+H 2 S 

one molecule of hydrogen sulphide being evolved for each car- 
boxyl group. 

Alcoholic and phenol hydroxyl have no effect, with the fol- 
lowing exceptions noted by Fuchs. 

I. Halogenized phenols with two hydroxyls, react with one 
hydroxyl. 

II. Phenols with a single nitro group, if para, react. 

III. A few phenols with carbonyl present, as methyl phloro- 
glucin, may react. 

IV. Lactones ordinarily do not react. 

V. Any acid whose potassium salt is not soluble in the hydro- 
sulphide solution, will not react completely. 

As the method was first suggested, the hydrogen sulphide 
evolved was to be determined iodimetricaily after absorption in 
alkali, or the hydrogen evolved by its action on mercury was 
to be collected. Later the principle of the Victor Meyer vapor 

* M. 9 , 1132, 1143, (1888) 11 , 363 (1890). 
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density apparatus was used, so that the evolved hydrogen 
sulphide expelled from an air chamber an equal volume of gas, 
which was measured in a eudiometer. The present paper is 
concerned with an improved, accurate apparatus for carrying 
out the determination in the last man n er. 

The old apparatus, as described by Hans Meyer 1 , consists of 
a long-necked flask, with thick walls, an air chamber, with deliv- 
ery tube, and a device for dropping in the sample. The 10% 
potassium hydroxide used is freed from carbonate by a slight 
excess of barium hydroxide solution, and filtered, then saturated 
with hydrogen sulphide. Some hydrogen sulphide is- left in the 
reaction flask at the beginning of the experiment, and then the 
stopper bearing the sample in one opening, and connecting with 
the air chamber, filled with dry air, by a tube in the other opening, 
is fitted gas tight to the flask. The apparatus is then allowed to 
stand till it cools after handling, the delivery tube is brought 
under the eudiometer, and the sample is dropped in by pushing 
the glass rod through to mark 2. The solution may be used for a 
second and third determination, by removing the air chamber 
and refilling it with dry air. 

Carried out in this manner, the determination is subject to a 
large number of errors, some of which may be easily avoided. 

The most important source of error is the saturation of the 
alkali solution with hydrogen sulphide. It is extremely diffi cult 
to reach a definite equilibrium point when the gas is simply 
allowed to bubble through the solution. In the formation of 
the strongly hydrolyzed sulphydrate, the amount of gas taken 
up by the solution, and dissolved in the gaseous state, has of 
course a direct effect on the amount of sulphydrate formed. Now 
the amount of this dissolved gas obviously depends on the 
partial pressure of hydrogen sulphide in the gas phase above. 
For these reasons, special precautions must be taken to eliminate 
chance in the reaching of a definite equilibrium point in saturat- 
ing the solution with hydrogen sulphide. For, if the solution is 
not saturated, the hydrogen sulphide set free in the determination 
is certain to be partly taken up, and if the solution should chance 

i Analyse und Konstitutions — ermittelung organischer Verbindungen 2 
Auflage, p. 577. See Fig. 1. 
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to be supersaturated by earlier saturation under pressure, the 
reaching of equilibrium is slow on simple release of pressure, and 
the evolution of gas by the sample would certainly carry out with 
it much excess gas. 

Second, there is no way of telling when the large apparatus 
has reached constant temperature, and a small change in tem- 
perature in the large volume of the apparatus produces a change 
which may make a large error in the relatively small amount of 
gas evolved. 

Third, in the large volume of the apparatus, the back pressure 
of water in the delivery tube leading to the eudiometer makes 
a noticeable difference in the volume of gas, as is always 
found on delivering gas into a eudiometer from a bent delivery 
tube. 

Fourth, convection currents may carry hydrogen sulphide up 
to the top of the air chamber, if this is not rather long, in 
which case some will be carried over into the water and lost by 
solution. 

Fifth, the vapor tension of water over 10% hydrosulphide 
solutions is unknown. The dry air expelled is collected over 
water, and calculated back to dry hydrogen sulphide, whereas 
the hydrogen sulphide is really saturated with water vapor at 
this unknown tension. This causes a positive error of consider- 
able magnitude. For instance, if the vapor tension were as 
great as that of pure water, at 20° and 760 mm, 2.29 % of the 
gas passing into the air chamber would be water vapor, leading 
to a positive error of 2.34%. 

The large error just mentioned is opposed by the sixth, a 
negative error. It is an important yet unavoidable one, due to 
the partition of the potassium cation between the sulphydrate 
anion and the anion of the acid introduced. With a solution 
saturated with hydrogen sulphide, if more undissoeiated hydrogen 
sulphide is formed, it can not remain dissolved, but must escape 
leaving always a definite concentration of hydrogen ion present, 
due to the dissociation of the hydrogen sulphide. This makes 
the hydrolysis of the hydrosulphide negligible, but also ensures 
the partition of the base, as is predicted by the law of concen- 
tration effect. 
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Henderson 1 has already discussed very completely the equi- 
libria between acids and bases in solution, with especial reference 
to weak acids and bases. It is therefore unnecessary to say more 
than that if no other errors were present it would be possible to 
calculate the percent of hydrogen sulphide which should be 
obtained, or even to read it from the valuable table given by 
Henderson, provided the concentration of hydrogen ion were 
known. Since it is not known, it may be well to indicate the 
order of magnitude of the error, although in the 2N hydrosulphide 
solution, saturated with hydrogen sulphide, the ratios involved 
are probably very different from those used in the following cal- 
culation: In N/10 solution, the percentage degree of dissocia- 
tion is given by Walker and Cormack 2 as .075, and for acetic 
acid by Kohlrausch and Holbom 3 as 1.30. Therefore if acetic 
acid and hydrogen sulphide were competing for the potassium 
hydroxide in N/10 solution, the base would be shared in the 
ratio 1.30; .075, that is, the acetic acid would get but 94.54 per- 
cent of the base. 

Other errors, of less importance may well occur due to absorp- 
tion of hydrogen sulphide, to difference in solubility of hydrogen 
sulphide in the salt solution formed, and to the volume occupied 
by the sample. 

The first four errors mentioned are readily avoided or elimin- 
ated by the new apparatus, leaving only the partition effect and 
the error due to water vapor uncorrected. The apparatus used 
by the authors (Fig. II) consists of a wide-mouthed reaction- 
chamber D, about 50 mm internal diameter, and 80 mm from 
bottom to neck fitted with a rubber stopper bearing three holes. 
In one hole is placed a sample holder B of the type used on the 
Victor Meyer vapor, density apparatus. In another there is a 
delivery tube C for hydrogen sulphide, fitted with a glass stop- 
cock. In the third is inserted a three-way cock A of such a type 
that either the reaction chamber or the air chamber E, on the 
other end, may be connected with the atmosphere, while the other 
is closed, or a direct connection may be made between D and E. 

i Am. Soc. 50,956 (1908). 

*J. Soc. 77, 20 (1900). 

* Leitvermogen der Elektrolyte. 
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On the outlet to the air is a narrow rubber tube, which may be 
closed by a pinch-cock. The air chamber E is about 37 mm in 
internal diameter, and the open space, between the heavy rubber 
stoppers is about 360 mm in length. Midway in this space there 
is placed a loose plug J of glass wool. The rubber stopper in 
the top of E has two holes, one carrying a glass stop-cock F 
connecting to the outside air, the other bearing a delivery tube 
without stop-cock. All glass to rubber joints are made up with 
a layer of rubber cement, and all the glass tubes are set in with 
benzene into the rubber stoppers. The trigger of the sample 
holder is also set in the piece of heavy rubber tubing with ben- 
zene. As a result, the apparatus is perfectly gas-tight when 
properly set up. The only weak point in the apparatus is the 
rubber connection H between the gas burette and the delivery 
tube, which becomes porous with repeated stretchings. 

The method oi using the apparatus is as follows. 

Procedure 

Test for Tightness of Apparatus 

The apparatus is set up just as for use, except that no sample 
and no solution is present, and the attachment is made to the 
gas burette. With all outlets closed, the leveling bulb is dropped, 
and the reading is taken on the burette. The level in a tight 
apparatus becomes constant almost immediately after the first 
cooling is compensated for. The effect of a leak in the appa- 
ratus is readily distinguished from the effect of a change in 
temperature. The glass over the air spaces of course must not 
be touched by the hands at any time. If the apparatus is tight, 
the burette is detached, and gentle suction is applied at the three- 
way cock, drawing through the air chamber for at least five min- 
utes, air dried by passing through a calcium chloride tube and a 
small phosphorous pentoxide tube. Then 25cc of carbonate 
free potash solution, about 1.5N-2N, is introduced into the 
reaction chamber by a pipette, through the sample holder. 
The tube must not be wet, if possible, or the sample may fail to 
fall readily when released. 
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Saturation with Hydrogen Sulphide 

The following definite conditions have been decided on as the 
result of experiment. The apparatus is set up in a place sheltered 
from air currents, with the drying tubes still attached. The 
three-way cock is turned to connect the reaction chamber with 
the air, and hydrogen sulphide is allowed to run in till all the air 
is expelled, to avoid decrease in the partial pressure of the sul- 
phide over the solution. The expulsion of air may, if so desired, 
be proven by the use of a Schiff nitrometer with KOH, as in a 
nitrogen determination. A pinch-cock is now fastened on the 
outlet tube, as the neutral point in this type of cock is not safe, 
the sample holder is opened to let out air, the sample is intro- 
duced, and the stopper replaced. When the gas ceases to bubble 
into the solution, the reaction chamber is held by the upper 
edge and shaken well for five minutes. The pinch-cock is now 
removed from the outlet tube, and the solution shaken three min- 
utes with the gas flowing through. The stream is then slowed 
down, but allowed to continue till about to drop in the sample, 
to sweep out any possible remaining excess of gas. As the 
solution is appreciably warmed by the reaction when the fresh 
potassium hydroxide solution is first neutralized by hydrogen 
sulphide it must be allowed to stand for half an hour, with fre- 
quent shaking, and a slow current of hydrogen sulphide, before 
proceeding with the tests. This is obviously only necessary be- 
fore the first determination. 

Test for Constant Temperature in the Air Chamber 

The gas burette leveled at about 99 cc is now connected with 
the air chamber, and leveled again. The heat of the body is 
sufficient to cause a change here, if care is not taken to avoid 
getting unnecessarily close to the apparatus. In two minutes, 
the level of the water in the burette should not change more than 
0.1 cc. This is best observed by opening the stop-cock F at the 
top of the air-chamber at the end of the minutes, when any ch an ge 
in level is at once visible. 
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Test for Constant Temperature of the Whole Apparatus, and Satu- 
ration with Hydrogen Sulphide 

When the air chamber is at constant temperature, the hydro- 
gen sulphide is cut off, and connection is made between the 
reaction chamber and the air chamber. The whole apparatus 
is thus connected, and all outlets closed. The gas burette is 
again leveled, and the reaction chamber is held by the top and 
shaken two minutes. If no change in level greater than 0.1 cc 
is observed in two minutes, the apparatus is ready. If change 
occurs, the measured shaking must be repeated. Very rarely 
at this point two or three successive tests have shown a change 
in level of 0.2 cc in two minutes. In such cases, no great error 
is introduced if the determination is at once carried out, and 
0.2 cc added to or subtracted from the volume obtained, though 
of course it is not so accurate as the other procedure. This was 
done in the last two analyses on tartaric acid. It is probable 
that the proper correction to apply in such a case would be a 
little greater than 0.2 cc, but the uncertainty introduced is 
great enough to make it seem best to use the small correction. 
It would seem very unwise to apply such a correction if the change 
in level were greater than 0.2 cc. 

The Determination 

After a satisfactory final test, the burette reading is taken, and 
the sample dropped into the reaction chamber. The gas is at 
once evolved, aided by shaking if necessary. During the evolu- 
tion, the level in the gas burette must be followed closely by the 
level in the leveling bulb. When the evolution ceases, the read- 
ing is taken rapidly and then the reaction chamber is agitated 
vigorously for three minutes. The final reading is then taken, 
and will generally show an increase in volume, though for some 
reason this does not always occur, practically all the gas being 
evolved at once by some acids. The temperature and barometer 
are then observed. 

To repeat the determination, it is only necessary to fill the 
air-chamber again with dry air, and follow the procedure as 
before from the start of the five minute shaking with hydrogen 
sulphide under pressure. Fresh solution should be used after 
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the evolution of 100-125 cc of hydrogen sulphide. The results 
of consecutive experiments should easily check within one per- 
cent of error, and under favorable conditions, with practice, 
much closer work can be done. A sample weighing .1800 g with 
barometer 760 mm, and t° =22.5, reads directly in percent COOH, 
on the burette. 

The only part of the apparatus which need ever be opened is 
the reaction chamber D, and that is only necessary to remove 
the used solution and sample tubes. 

The results may be calculated either by the formula given by 
Hans Meyer 1 giving the weight of replaceable hydrogen: 

V(b-w) 000 000 0 5895 
Wt.il- 1+00 367 1° 


or by the following, giving the weight of carboxyl: 


Wt. COOH = 


V(b— w)000 00 2632 
1+. 00367 1° 


In these formulae, 


V= volume of gas evolved 
b= barometric pressure 
w= vapor tension of water at t° 

The two constants are calculated from the weight of 1 cc of 
hydrogen, and include the necessary division by 2 for the di- 
basic hydrogen sulphide, and by 760 for the reduction to normal 
pressure. 

One source of error peculiar to the new method is that if the 
hydrogen sulphide is impure, as for instance in consequence of 
being made from ferrous sulphide containing iron, the partial 
pressure will be less than that of pure hydrogen sulphide, and 
the solution will contain less until the evolution of fresh pure 
sulphide in the determination, when a layer of pure hydrogen 
sulphide covering the liquid, easily may cause a further satura- 
tion, this involving a retention of some hydrogen sulphide. 

Though this error cannot be large if the hydrogen sulphide is 
at all pure, it is very easily eliminated entirely by usirg hydro- 
gen sulphide evolved by the action of dilute sulphuric acid on 
i loc. cit. 
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concentrated sodium sulphydrate solution. The sodium hydrox- 
ide solution is well saturated by hydrogen sulphide from an 
ordinary generator, and then acid is allowed to drop slowly into 
a funnel immersed in the sulphydrate solution. The end of the 
funnel tube is best turned up a distance of about an inch from 
the end, so that after the funnel has been cleared of sulphydrate 
solution by the descending acid, the evolution of gas becomes 
regular, and the solution is well stirred. 

The effect of impure hydrogen sulphide was observed in that 
it was impossible to check closely work done on different days, 
until the pure gas was used. 

The results obtained by the authors with the new apparatus 
are given in the following table, together with a set obtained by 
a student with the new apparatus, by another student with the 
old apparatus, and by Hans Meyer and Krczmar 1 on cantharic 
acid using the old apparatus. 

TABLE OF RESULTS 
New Apparatus 



%COOH 

Aver 

Found 

Ay xlOO 

Calc 

KxlO* 

No of 
det. 

Extreme 

difference 

Crotonic 

52 33 

51.11 

97.67 

,215 s 

3 

.27 

Anisic 

29 60 

28.89 

97.60 

.32 s 

3 

.21 

Benzoic 

36 89 

36.11 

97.59 

,686 s 

3 

.10 

Salicylic 

32.61 

31.92 

97.88 

10.6 s 

3 

.24 

Tartaric 

60 00 

60.47 

100.79 

9.7* 

4 

.39 

Maleic 

75 85 

76.34 

100.64 

154.0 s 

3 

.42 


Student’s Series. First Omitted. 



Anisic 


29.60 

28.63 

96.74 

3 

.75 



Old Apparatus 





Student's Series. First Omitted. 



Salicylic 


32.61 

21.77 

66.76 

3 

2.24 



M. 19, 715 (1898) 



Cantharic acid 

34.18 

30.37 

88.85 

3 

3.74 


1 M. 19, 715 (1898). * Ostwald Z. P. C. $, 246 et seq. 

* White <fc Jones, Am. 44, 197 (1910). 
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The foregoing table shows immediately the efficiency of the 
apparatus, in comparison with the old one. The precision of the 
results obtained shows clearly that all the important errors have 
been eliminated save the two unavoidable ones. 

The action of these two is very apparent. It will be noticed 
that the monobasic acids all give results consistently about 2.4 
percent low, increasing a little with the increase in strength to 
salicylic acid. The two dibasic acids, however, give results about 
.7 percent high. This is just what is to be predicted from the com- 
bined effect of the errors mentioned. The monobasic acids are not 
a great deal stronger than hydrogen sulphide, though the salicylic 
acid is much stronger than the others. Therefore the partition 
effect is rather large, approaching the magnitude calculated for 
acetic acid in N/10 solution, the affinity constant for acetic acid, 
K x 10 4 ~.18, being of the order of that of the first three acids. 

Now the dibasic acid may be viewed as an acid one-half of 
which is very strong, for one carboxyl is probably practically 
completely transformed, so to speak, into potassium salt, while 
the other then dissociates and shares the base with the hydrogen 
sulphide. One-half of the acid is then practically free from the 
negative error of partition, and the positive error of the water 
vapor causes the whole yield to cross the one hundred per cent 
mark. That this is probably the true explanation is shown by 
the fact that the tartaric acid is but little weaker than the sali- 
cylic, almost equal, in fact, while much weaker than the maleic, 
yet the yield from the tartaric agrees with the maleic, and not 
with the salicylic yield, as would be expected if only relative 
strength of acids were concerned. 

It may therefore be expected that monobasic organic acids of 
ordinary strength will give results from 2 to 2.5 percent low, 
while dibasic acids will give results about .7 percent high. 

Experimental Part 

Experiments on Saturation with Hydrogen Sulphide 

All the experiments to be described were made with hydrogen 
sulphide produced by the action of sulphuric acid on concen- 
trated sodium sulphydrate solutions. 
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On Saturation with Hydrogen Sulphide 

The reaction chamber being closed for saturation under pres- 
sure, it was found that after no more hydrogen sulphide would 
bubble into the quiet apparatus, more was readily taken up on 
shaking the reaction chamber rather vigorously. On shaking 
for five minutes, it was found that it took a full minute for one 
more bubble of gas to be delivered, and this was taken as show- 
ing that on shaking five minutes the solution had become suffi- 
ciently saturated under pressure for our purpose. 

On Evolution of Hydrogen Sulphide 

At the end of a determination it was found that by vigorously 
shaking the reaction chamber, more gas could be expelled. Prac- 
tically all is driven out in two minutes, usually only 0,1-. 2 cc 
being obtained in the third minute. Three minutes was there- 
fore chosen as the time of shaking for expelling excess gas during 
the saturation, as well as after the determination. 

On Constancy of Temperature 

The apparatus connected with the gas burette, with all out- 
lets closed, becomes a large air thermometer. In a sheltered 
part of the room, with reasonably constant temperature, no 
difficulty is usually experienced in having the temperature so 
constant that the level will not change more than .1 cc in two 
minutes, and in many determinations, no change has been ob- 
served in that time. 

Hydrolysis of the Hydrosulphide 

In the sulphydrate solution ready for analysic, phenolphtalein 
produces no pink color. If a drop or two is allowed to stand in 
the air a few minutes, phenolphtalein will produce a pink color, 
after the loss of hydrogen sulphide. 

Following are the details of the results obtained with pure 
hydrogen sulphide, following the procedure exactly as given. 
The acids were all pure samples, of tested melting point. Stearic 
acid would not set free any hydrogen sulphide. 
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Crotonic acid 

Calc COOH =52.33 

.1528g gave 44.10 cc at 22° & 744.2 mm =50.93 
. 1468g “ 42.60 cc “ 22° & 744.2 “=51.20 

. 1475g “ 42.80 cc “ 22° & 744.2 “=51.20 

Av = 51.11 
Av 

x 100 

Calc =97. 67 

Anisic Acid 

Calc COOH=29.60% 

. 1734g gave 28.5 cc at 21° & 740.2mm =28.99% 

. 2103g “ 34.4 cc “ 21.5° & 740.2mm =28.78% 

. 225 lg “ 37 . 00 cc “ 22 . 5° & 74 . 35mm = 28 . 90% 

Av=28.89 

Av 

100 x 

Calc =97. 60 

Benzoic Acid 

Calc COOH =36.89% K x 10 4 = . 686 

. 1952g gave 40 . 00 cc at 22° & 740 mm = 35 . 95% 
.2013g “ 41.10 cc“ 21° & 740.2mm =36.01% 

. 1499g “ 30.64 cc“ 21° & 740.2mm =36.05% 

Av=36.00 

Av 

100 x 

Calc =97.59 

Salicylic Acid 

Calc COOH =32. 61% K x 10 4 =10.6 
. 1858g gave 33.5 cc at 21 . 5° & 743 . 1mm = 31 . 85% 
.1798g “ 32.65 cc “ 21.5° & 743. 1mm =32. 07% 

. 1809g “ 32.60 cc “ 21.5° & 743. lmm=31. 83% 

Av=31.92 


Av 

100 x — 

Calc =97. 88 
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Tartaric Acid 

Calc COOH = 60.00 

■1858g gave 65.56 cc at 22.5° & 727. 5mm =60. 67% 
. 1508g “ 53.20 cc " 23 . 5° & 727 . 2mm = 60 . 28% 

. 1492g “ 50.60 cc" 20.5° & 744. 0mm=60.53% 

. 1361g " 46.70 cc" 20.5° & 742. 9mm =60. 65% 

Av=60.47 

Av 

100 x 

Calc = 100. 79 

Maleic Acid 

Calc COOH = 75. 85 

. 1214g gave 52.7 cc at 23° & 743 . 5mm = 76 . 14% 

. 1182g « 51.6 cc" 23° & 743. 5mm = 76. 56% 

. 1436g "62.52 cc “ 23° & 743. 2mm =76. 33% 

Av=76.34 

Av 

100 x 

Calc =100. 6 


Student’s Sebies 

These determinations were carried out by a student absolutely 
unfamiliar with the method. The first four determinations made 
are given, and the first determination is excluded from the 
average, as a practice determination. 

Anisic Acid 

Calc COOH =29 60% 

. 1819g gave 28 . 0 cc at 20° & 747 mm = 27 . 54% 

. 1766g “ 27.9 cc" 20° & 747 mm =28. 26% 

. 1714g “ 27.8 cc" 20° & 747 mm =29. 01% 

.2064g “ 32.7 cc" 19° & 750. 5mm =28. 62% 

Av = 28.63 
Av 

100 x 

Calc =96. 74 

For comparison may be taken two sets obtained with the old 
apparatus. 
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I. Salicylic Acid. (By a student unacquainted with the 
method) 

Calculated COOH = 32.61 Av =21.77 

Found 21 . 74, 20 . 66, 22 . 90 Ay 

100 x 

Calc =66. 76 

II. Cautharic Acid 1 
Calculated COOH =34.18 

Found 30 . 26, 32 . 3, 28 . 56 Av =30 . 37 

Av 

100 x 

Calc =88. 85 



* M. 19 715 (1898) 







(. Abstract ) 


A CATALYTIC DECOMPOSITION OF SOME PHENOL 
SILVER SALTS BY ALKYL IODIDES 

W. H. Hunter, E. A. Daniels, A. 0. Olson and L. Karatz 
University of Minnesota , Minneapolis , Minn. 

It was found by Torrey and Hunter 1 that undiluted alkyl 
iodides acting on the dry red or white silver salt of tribromphenol, 
gave a small amount of tribromphenetol, and a large amount of 
silver bromide, with a white amorphous compound containing 
64% of bromine. The reaction was accompanied by the appear- 
ance of a blue color, which then disappeared. Further work by 
the present authors has shown that this compound has the empi- 
rical formula C 6 H 2 Br 20 , which corresponds to a loss of silver 
bromide from the silver salt of tribromphenol. The substance 
has, however, a very high molecular weight, and is apparently 
a polymerization product of the residue left after the splitting 
out of silver bromide. Like results were obtained with the tri- 
chlorphenol and tribromresorc in monomethylether salts. 

It was found also that in the last case the same decomposition 
could be produced by heat alone, or even by standing in dry 
benzene, giving the same products, and in benzene, with the 
appearance of the characteristic blue color. 

From these facts it is concluded that the reaction is really a 
decomposition of the unstable silver salt molecule into silver 
bromide and a residue which polymerized to give the amorphous 
compound. This decomposition is supposed to be brought 
about by the catalytic action of heat or the alkyl iodide or 
benzene. It does not occur if the alkyl iodide is diluted with 
alcohol or ether. Further work on the reaction, especially with 
reference to the blue compound, is being carried on. 

iAra. Soc. S3, 204 (1911). 
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UBER DIE TOTALSYNTHESE DES FENCHOCAM- 

PHOROUS 


Gust Komppa 
Helsinki, Finland 


Der Versasser hat aus der friiher (Ber. d. deutsch. chem. Ges. 
1911) totalsynthetisierten Homoapocamphersaure (=Pinophan- 
saure) Formel I, durch 


CH 2 - 


-CH.COOH 


I. 


CH 3 .C.CH 3 II. 

I 

CH 2 CH . CH 2 . COOH 



CH 2 


Trockendest illation ihres Bleisalzes ein Keton (Formel II) 
erhalten, dessen Semicarbazon bei 220° schmitzt und in alien 
Beziehungen mit dem Semicarbazon des rac. Fenehocamphorous 
identisch ist. Das letztgenannte wurde aus dem rac. Fenchon 
nach Wallach dargestellt. 

Hierdurch ist die Totalsynthese des Fenehocamphorous aus- 
gefuhrt imd die Konstitution des letztgenannten Ketons, als 
ein wirklicher Apocampher nach Formel II, bewiesen. 
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(RSsumS) 

SUE LES CYANHYDRINES DE QUELQUES MONO- 
SACCHARIDES 

CyrilXj Kratjz et Jan Klotjd 

Laboratoire de chimie organique a VEcole polytechnique tcMque 
de Prague, Bohtme 

Dans la literature des hydrates de carbone on reprlsente la 
reaction des monosaccharides (pentoses et hlxoses) avec Tackle 
cyanhydrique glnlralement par la formation de deux cyan- 
hydrines suivant le schema. 

HCN CN 

, CHOH 

I 

CHOH 

Dans certains cas on admet aussi qu’il se forment des amides 
au lieu des nitriles 1 on n'a toutefois pas rlussi jusqu’& present a 
les isoler en Itat pur qui suffirait pour leur caractlrisation. 
La thlorie de Le Bel — van’t Hoff prlvoit lors de Taddition de 
Tacide cyanhydrique a un sucre rlducteur la formation d’un 
nouveau carbone asymltrique. Par conslquant il doivent se 
former toujours deux produits d* addition — deux “cyanhydrines” 
Ipimlres 2 que Ton reconnalt ordinairement a leur produits de 
saponification sans qu’on ait besoin de les isoler avant* II s 7 en 
suit que Tltude de la reaction n’est pas fini par Tisolation de Tun 
de ces deux isomeres et qu’il faut chercher Tautre (plus soluble) 
dans les eaux-meres. 

Dans le cas du mannose 3 on a mime fait une supposition invrai- 

i Kiliani: B. B. 19, 3022. 

Maquenne: C r. 106, 286. 

* Votocek: B. B. 1911, Beitrag zur Nomenklatur der Zuckerarten. 

* Fischer — Hirschberger B. B, 22, 365 
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semblable que le second isomfere fait complement defaut. Le 
but de notre travail etait d’isoler et de caracteriser tous les pro- 
duit d’ addition de Facide cyanbydrique avec les monosaccharides 
accessibles. Nous y sommes parvenu dans tous les cas ou nous 
avons obtenus des produits d'addition solides. Ce qui est in- 
t4ressant c’est que la reaction nous donnait r4guli4rement deux 
amides 4pimSres done des produits resultants d’une addition de 
H 2 0 aux cyanhydrines. 

1.) Essais avec l’Akabinose 

Nous avons prepare ce sucre en hydrolysant la gomme de 
cerisier par de Facide sulfurique de 10% et nous n’avons employe 
pour nos essais que le produit compl£tement qui poss6dait un 
pouv. rot. de [<*] D — +104. 54°. 

Lorsqu'on traite la solution d'arabinose avec Facide cyan- 
hydrique de concentration moyenne, on obtient un melange 
cristallise qui se compose des amides 1-glyconique et 1-mannon- 
ique. Nous avons purifie le premier corps en le cristallisant 
plusiers fois de Facide acetique glacial; on finit par obtenir une 
substance cristalline incolore fusible k 181° (Kiliani a trouve 
160°). Pour verifier qu’il s’agit ici de Famide 1-glyconique nous 
avon saponifie notre produit au moyen de la baryte caustique, 
puis transforme en lactone et reduit par Famalgame de sodium 
en glycose levogyre qui ne nous a donne aucune trace d'hydrazone 
insoluble dans Feau. Le deuxi£me corps — Famide 1-mannonique, 
qui reste toujours dans les eaux-mferes sous forme d’une substance 
gommeuse, nous Favons purifie en la precipitant plusiersfois 
d'une solution acetique par de F4ther. 

H se s4pare dans ces conditions sous forme de substance micro- 
cristalline tr&s deliquescente et hygroscopique qui ne poss&de 
aucun point de fusion net. L* analyse eiementaire et la transfor- 
mation de cette substance par saponification et reduction de la 
lactone en sucre r4ducteur nous a donne de Fhydrazone de man- 
nose peu soluble dans Feau. Ceci demontre suffisemment qu’il 
s'agit ici de Famide 1-mannonique. Nous avons constate que — 
contrairement aux indications des Mr. Fischer et ses collabora- 
teur Famide solide (p. def. 181°) appartient a Facide glyconique, 
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tandisque celle des eaux-m&res (d41iquescente) est un d6riv6 de 
l’acide mannonique. 

2.) Essais avec lb Xylose 

Nous avons prepare le xylose en hydrolysant la paille de fro- 
ment. L’addition d’acide cyanhydrique ne nous a foumi que 
des produit liquides, pour la separation desquelles nous n’ avons 
pu jusqu’ici trouver de m6thode convenable. 

3.) Ceci s’ Appliqtje Egalement au Rhamnose 

4.) Essais avec le RhodIsose 

Pour ce qui concerne la reaction de ce sucre avec l’acide cyan- 
hydrique nous renvoyons le lecteur au travail de l’un de nous, 
publie dans le Bull, de l’Academie Frangois Joseph de Sciences 
de Boh6me 18 me annee No. 46. et & la publication dans les B. B. 
D. deutsch. chem. Ges. 43, p. 482. On y montre, qu’il se for- 
ment deux amides 4pim£res, celle de l’acide oc - et celle de 
l’acide j3-rhod4oh6xonique. 

5.) Essais avec le Fucose 

Le fucose a 4t4 pr4pard en hydrolysant le fucus vesiculosus au 
moyen de l’acide sulfurique de 10 p. 100. Suivant les indica- 
tions de Mrs. Mayer et Tollens 1 nous avons additions le sucre 
d’acide cyanhydrique et obtenu de cette mamAre un melange 
cristallis4, compos4 de deux amides solides; l’un d’elle, 1’ amide — 
oc -fucoh&xonique, cristallis6 de l’acide ac4tique glacial, poss4dait 
un p. de f. constant de 200° et fournissait par la saponification 
au moyen de la baryte caustique un fucohSxonate ldvogyre 
[oc ]D =-6.69 0 .] L’ autre corps qui correspond & l’acide |3-fucoh4- 
xonique (jusqu’ici non decxit) a 4t4 isol4 des eaux-m&res sous 
forme d’une poudre microcristalline, fusible (apr£s un traite- 
ment a l’alcool m4thylique) A 176°. En le saponifiant avec de 
1 ’hydrate de barium nous avons obtenu un j3-fucoh4xonate de 

i B. B. 1907, 2434. 
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barium dextrogyre: [oc] D = +1.93°. La concordance des 
valeurs numeriques pour le pouv. rot. etait a pr4voir, puisque 
les sucre fucose et rhodeose constituent des antipodes; la dif- 
4rence des points de fusion des amides d6crites s’explique 
facilement si Ton tient compte de ce que F on n’a pu s^parer 
les deux amides rhodeohexonique que par 14vigation. 

6.) Les dirivis d y addition du glycose n’ont pu etre isoies non 
plus en etat solide, ce qui nous a rendu impossible de les sdparer 
Tun de Fautre. 


7.) Essais avex le Galactose 1 

En hydrolysant le lactose on a obtenu apr&s plusieures de 
cristallisation le galoctase pur qui possMait un [oc ] D = +80.72°, 
Par Faction de Facide cyanhydrique sur le galactose il r6sultent 
egallement deux amides, dont Fune, Famide oc -galactoheptonique 
est bien cristallisable de Falcool de 60 p. 100. et fond a 201°. 
En saponifiant cette amide on obtient de Facide oc -galactoh6p- 
tonique bien caract6ris£ par sa phenylhydrazide tr£s difficille- 
ment soluble dans Feau et fondante a 226°. Les eaux-m&res 
apr&s la separation de Famide oc -constituent d’apres Fanalyse 
eMmentare et la reaction avec la phenylhydrazine un melange 
des deux amides, car elles nous ont fournis deux hydrazides, 
dont Fun fond & 226°, Fautre a 186.° 


8.) Essais avec le Mannose 

Nous nous sommes servi du sucre prepare par Fhydrolyse de 
Finvoire vegetal (phytelephas macro carpa) sous forme d , un 
sirop brun&tre, cristalUsant bien apr&s amor§age. 

Dans les travaux des Mrs. Fischer et HirscKberger et Hart- 
mann on trouve 2 Fopinion qu’il ne se forme avec le mannose qu’on 
seul produit d'addition. Par contre nous avons pu constater, 

*Maquenne: C. r. 106 } 286. 

Kilini: B. B. 81 , 915. 

Fischer: A. $ 88 , 139. 

Fischer et Morel: B. B. $ 7 , 382. 

*Fischer et Hirschberger: B. B. 88 , 365. 

Hartmann: A. 272, 190. 
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qu’ici encore prennent naissance les deux amides pr4vues. L’une 
d’elle se depose sous forme d’un corps solide microcristallin, 
fondant apr&s plusieures cristallisations de Palcool de 60 p. 100 
a 214 0 -215° (Fisher et Hirschberger indiquent 82°-183°). Nous 
avons caracteris6 ce corps apres saponification d 5 une part pari 
le sel plombique de Pacide correspondant et d’autre, par sa 
phynylhydrazide difficillement soluble dans Peau, fusible a 226°. 
Les eaux-m^res apr£s la s4paration de Pamide oc -sont un melange 
des amides oc - et ]8-mannoh6ptoniques. Le d4riv4 j3 nous Pa vous 
indentifi4 en saponifiant et le transformant en sel plombique, 
qui se distingue du sel oc -monnoh6ptonique par sa grande solu- 
bility dans Peau m£me k froid. A c6t6 de cela nous avons pr4par6 
Pacide /3-mannoh4ptonique libre en traitant son sel plombique 
par de Phydrog£ne sulfur4. 

Nous avons transform^ cet acide par Paction de la ph6nyl- 
hydrazine en phynylhydrazide. 

En comparant ce corps k celui qui r4sulte lors de Paction de la 
ph4nylhydrazine sur Pacide oc -mannoheptonique nous avons 
constat4 qu’il s’agit ici d’un d4rivy /3-mannohyptonique qui ne 
poss£de aucun p. de f . constant et se s4pare sous forme d’une sub- 
stance molle, mais cristalline et tr£s soluble dans Peau m6me & 
froid. 

Pour plus de stlrety nous avons isomyrisy Pacide oc-manno- 
hyptonique pur en le chauffant sous pression avec de la pyridine. 
En traitant le produit obtenu par de la phynylhydrazine nous 
avons r4ussi a isoler une hydrazide completement identique a 
celle de Pacide /3-mannohyptonique d6]k dycrit. 




DIE ZUSAMMENSETZUNG DEE HOCHSIEDENDEN 
MINERALOLE 

(Mitteilung aus dem Kgl. Materialprufungsamt) 

Von Professor Dr. J. Marcusson 
BerlinrLichterfelde W . Germany 

Die Bewertung der hochsiedenden Mineraldle (Mineral- 
schmierftle) erfolgt zur Zeit hauptsachlich nach physikalischen 
Untersuchungsverfahren wie Bestimmung des Fliissigkeitsgrades, 
der Entflammbarkeit und des Kaltepunktes. Diese Prufungen 
gestatten aber nur eine begrenzte Kennz eichnung. Genaue 
Festlegung der Eigenart ein.es Oeles und Beurteilung seiner 
Verwendbarkeit ist nur bei gleichzeitiger Berucksiehtigung des 
sehr mannigfachen chemischen Aufbaues moglich. 

Die Mangel der bisherigen Priifungsweise haben sich besonders 
ftihlbar gemacht, seitdem bei der Ringschmierung und im Dampf- 
turbinenbetriebe infolge langerer Verwendung der namlichen 
Schmierolmenge erhohte Anspriiche an die Leistungsfahigkeit 
und Bestandigkeit der Oele gestellt werden. Es hat sich gezeigt, 
dass Oele von nahezu gleichen physikalischen Eigenschaften im 
Betriebe ganz ungleichartiges Verhalten zeigen konnen. Wah- 
rend das eine Oel sich gut bewahrt, gibt das andere infolge Ver- 
harzung zu unangenehmen Betriebsstorungen Anlass. 

Das Endziel Mineralolanalyse muss daher dahin gerichtet 
sein, eine moglichst scharfe Kennzeichnung der in den Schmier- 
olen enthaltenen Kohlenwasserstoffgruppen neben der physi- 
kalischen Prufung zu erreichen. In diesem Sinne sind die 
nachfolgenden Untersuchungen ausgefiihrt. 

Bestandteile der Mineralschmierole 

Alle hellen Mineralschmierole enthalten einerseits gegen chemi- 
sche Agentien bestandige, gesattigte, andererseits von Chemika- 
lien leicht angreifbare ungesattigte Kohlenwasserstoffe. Sowohl 
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die ersteren wie auch die letzteren konnen ihrerseits wie- 
derum verschiedenen Kohlenwasserstoffreihen angehoren. In 
Frage kommen von schwer angreifbaren Kohlenwasserstoffen 
insbesondere die Reihe der Grenzkohlenwasserstoffe oder Paraf- 
fine, der Naphthene und Polynaphthene, von leichter angreif- 
baren Kohlenwasserstoffen die Reihe der Olefine, der aromati- 
schen Kohlenwasserstoffe, der Terpene und Polyterpene, sowie 
die ungesattigten alicyclischen Verbindungen vom Typus des 
Tetrahydrobenzols, Dihydropentamethylens usw. Ausserdem 
enthalten die meisten Mineralschxnierole noeh geringe Mengen 
von schwefel — und sauerstoffhaltigen Korpem. Die Gruppie- 
rung der wichtigsten Bestandteile der Mineralschxnierole diirfte 
etwa der folgenden Uebersicht entsprechen: 

I. Ungesattigte Kohlenwasserstoffe: 

a) cyclische 

1) aromatische (Benzol-Naphtalinkohlenwasserstoffe 
usw.), 

2) alicyclische (Terpene, Polyterpene, Dihydro-Tetra- 
hydroverbindungen) , 

b) aliphatische (Olefine, Polyolefine). 

II. Gesattigte Kohlenwasserstoffe 

a) cychsche (Naphthene, Polynaphthene, kondensierte 
Naphthene), 

b) aliphatische (ParafBne). 

I. Die Cyclischen Ungesattigten Verbindungen 

(Aromatische und alicyclische Kohlenwasserstoffe .) 

Zur Bestixmnung der Menge der cyclischen ungesattigten 
Kohlenwasserstoffe wurde die von Nastjukoff 1904 aufegefun- 
dene bisher zur Kennzeichnung der Mineralschxnierole noch 
wenig verwendete Formolitreaktion verwendet. 

Mit Formaldehyd und Schwefelsaure bilden die genannten 
Kohlenwasserstoffe schwer losliche feste “Fonnolite,” wahrend 
ParafBne, Naphthene, Polynaphthene und Olefine keine Nie- 
derschlage geben. 

Die Formolitreaktion ist hier nach zwei Richtungen weiter aus- 
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gebildet worden; einerseits ist die Arbeitsweise vervollkommnet, 
andererseits ist neben der Bestimmung der Menge auch die 
Ermittlung der Art sowohl der formolitbildenden wie auch der 
nicht in Reaktion tretenden Oelanteile ermoglicht worden. 

a) Ausfuhrung der Formolitreaktion 

Es hat sich als zweckmassig erwiesen, die Oele nicht entspre- 
chend der Nastjukoff’schen Vorschrift unmittelbar, sondem erst 
nach vorherigem Losen in Benzin mit Formaldehyd und 
Schwefelsaure zu behandeln, weil andemfalls die Reaktion, ins- 
besondere bei zahfliissigen Oelen, bisweilen sehr unvollstandig 
verlauft. Wiederholt ist hier beobachtet worden, dass die nach 
Abtrennungdes Formolitniederschlages wiedergewonnenen Oelan- 
teile emeut mit Formaldehyd zu reagieren vermogen. Dieser 
Ueberstand wird bei Yerwendung einer Oelbenzinl5sung ver- 
mieden, weil die Oele in sehr f einer Verteilung der Einwirkung 
der Reagentien ausgesetzt werden. Das zu verwendende 
Benzin darf an sich natiirlich keine Formolit bildenden Bestand- 
teile enthalten. Bewahrt hat sich das vom Amt eingefuhrte 
Normalbenzin. Die Versuchsausfiihrung bei der Formolitprobe 
ist hiemach folgende: 

27 g Oel werden in einem Erlenmeyerkolben von etwa 300 
ccm. Inhalt in 50 ccm. Normalbenzin gelost und in dieser Losung, 
unter Yermeidung des Schiittelns, mit 30 cm. konz. Schwefel- 
saure versetzt. Zu dem Gemisch lasst man dann unter KiiMung 
mit Eiswasser 15 ccm. 40%-ige Formaldehydlosung hinzufhessen 
und schiittelt nun, unter zeitweisem Belassen in der Kuhlflus- 
sigkeit, solange um, bis keine Erwarmung mehr eintritt. Das 
Reaktionsprodukt lasst man noch eine halbe Stunde bei Z imm er- 
warme stehen und fiihrt es dann in emeu zweiten 1 1 fassenden, 
mit 200 ccm. Eiswasser beschickten Kolben unter Nachspiilen 
mit Wasser iiber. Die saure Fliissigkeit wird nun mit Ammoniak 
tibersattigt, und der entstehende Niederschlag auf einer weiten 
Nutsche zunachst mit Benzin zur Entfemung des im Nieder- 
s chlag e befindlichen Oeles, hierauf erst mit Wasser behufs Ent- 
femung des Ammoniaks ausgewaschen. Der Niederschlag wird 
schliesslich bei 105° bis zum bleibenden Gewicht getrocknet und 
gewogen. 
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b) Menge und Art der formolifbildenden Bestandteile 

Zur Bestimmung der Menge der fonnolitbildenden Bestand- 
teile wird nach Nastjukoff die Formolitzahl (Menge der aus 100 
ccm. Oel erhaltlichen Fonnolite) mit 4 multipliziert. Ueber die 
Art der in Reaktion tretenden Anteile war bisher naheres 
nicht bekannt. Gemass nacMolgendem kann man in einfacher 
Weise sowohl die Menge wie auch die Art der fraglichen Anteile 
ermitteln, wenn man die bei Ausfuhrung der Formolitreaktion 
erhaltliche Benzinlosung weiter verarbeitet. 

Diese Losung enthalt die nicht mit Formaldehyd und Schwe- 
felsaure reagierenden Olefine, Naphthene, Polynaphthene und 
Paraffine. 

Zieht man die beim Abdestillieren des Benzins verbleibenden 
Oelanteile von der Menge des zur Prufung verwendeten Oeles ab, 
so erhalt man aus der Differenz die Menge der cyclischen unge- 
sattigten Kohlenwasserstoffe. 

Bestimmt man Fliissigkeitsgrad, spezifisches Gewicht, Bre- 
chungszahl usw. der wiedergewonnenen Oele und der ursprung- 
lichen, so lassen sich, bei gleichzeitiger Zugrundelegung der 
Mengenverhaltnisse, die entsprechenden Eigensehaften der cyc- 
lischen ungesattigten Kohlenwasserstoffe berechnen. 

In der beschriebenen Weise sind die Hauptbestandteile von vier 
russischen und dxei amerikanischen Mineralmaschinenolen nach 
Menge und Art gekennzeichnet worden. (vergl. Tab. 1 und 2). 

Aus der Tabelle 1 geht hervor, dass die untersuchten ameri- 
kanischen Oele hohere Formolitausbeuten als die russischen erge- 
ben. Der Prozentgehalt an Formolit betrug bei ersteren Oelen 
30-33%, bei letzteren 10-24%. Die Formolitmenge steigt im 
allgemeinen mit zunehmendem Flussigkeitsgrade. Dass Oel 
Nr. 3 etwas mehr Formolit ergeben hat als das zahflussigere Oel 
Nr. 2, diirfte darauf zuruckzuftihren sein, dass Probe 3 im Gegen- 
satze zu den tibrigen untersuchten Proben unra ffini ert war. 
In ungereinigten Oelen sind naturgemass grossere Mengen unbe- 
stahdiger Verbindungen enthalten als in gereinigten. Je grosser 
der Formolitniederschlag gef unden wird, desto geringer ist die 
Menge der wiedergewonnenen Oele, deren Prozentgehalt in der 
vierten Spalte der Tabelle aufgefuhrt ist. 
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Vergleicht man die physikalischen Eigenschaften der ursprting- 
lichen und der wiedergewonnenen Oele (Spalte V-VII der Tabelle 
1), so ergibt sich zunachst, dass die wiedergewonnenen Oele stets 
geringere Werte fair spezifisches Gewicht und Brechxingszahl 
ergeben als die ursprxinglichen. Die in Form unloslicher For- 
molite herausgeschafften ungesattigten eyclischen Kohlenwas- 
serstoffe mxissen demnach hoheres spezifisches Gewicht und 
hohere Brechungszahlen haben als die urspriinglichen Oele. 
Dieser Befund steht im Einklang mit der Tatsache, dass einfach 
zusammengesetzte aromatische Kohlenwasserstoffe wie Benzol, 
Toluol und die Homologen, welche mit Formaldehyd reagieren, 
stets ein hoheres spezifisches Gewicht und starkeres Licht- 
brechungsvermogen zeigen als die gleich kohlenstoffreichen (mit 
Formaldehyd nicht reagierenden) Kohlenwasserstoffe der Naph- 
then — oder Paraffinreihe. Aus Spalte VII der Tabelle 1 geht 
ferner hervor, dass der Flussigkeitsgrad der wiedergewonnenen 
Oele betrachtlich grosser ist als derjenige der urspriinglichen. 
Dieser Befund lasst in Verbindung mit der quantitativen Bestim- 
mung der formolitbildenden Anteile den Schluss zu, dass Haupt- 
trager der Schmierfahigkeit von Mineralmaschinenolen die mit 
Formaldehyd und Schwefelsaxire nicht reagierenden aus Olefinen, 
Paraffinen, Naphthenen und kondensierten Naphthenen beste- 
henden Anteile sind. 

In Tabelle 2 sind die (berechneten) Eigenschaften der cycli- 
schen xmgesattigten Kohlenwasserstoffe zusammengestellt. 

II. TJngesattigte alxc y clische Kohlenwasserstoffe und 

Olefine 

Die Formolitreaktion gestattet zwar, wie oben angegeben ist, 
die Gesamtmenge der cyklischen xmgesattigten Kohlenwasser- 
stoffe und deren physikalische Eigenschaften festzustellen, sie 
lasst aber keine Schliisse darxiber zu, ob die fraglichen Kohlen- 
wasserstoffe der aromatischen, der alieyklisehen Reihe oder beiden 
Reihen angehoren. Die xmgesattigten alieyklisehen Verbindungen 
xinterscheiden sich von den aromatischen dxirch das Vorliegen 
einer oder mehrerer olefinischer Doppelbindxmgen im Kern und 
sind daher dxirch Additionsreaktionen ausgezeichnet. Sie zeigen 
demnach betrachtliche Jodzahlen. Die Bestimmxmg der Jod- 
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zahl gibt aber, da auch aliphatische Olefine in den Oelen enthalten 
sein konnen, nur ein gemeinschaftliclies Mass ftir ungesattigte 
alicyklische Verbindungen und Olefine. In nachfolgender Ta- 
belle 3 sind die (nach Hiibl-Waller bestimmten) Jodzahlen einer 
grosseren Reihe von Oelen amerikanischen und russischen Ur- 
sprungs zusammengestellt. Hiemach schwanken die Jodzahlen 
von 3, 3-15, 3. Die Jodzahlen der russischen Oele liegen stets 
niedrigeralsdiejenigender amerikanischen, sie betrugenimHocht- 
falle 5, 6, wahrend die amerikanischer Oele in der Jodzahl meistens 
liber 8 hinaus gingen; nur in einem Falle wurde die niedrige Jod- 
zahl 6, 1 beobachtet. Das Jodaufnahmevermogen steigt bei 
russischen Oelen im Allgemeinen mit dem Fliissigkeitsgrade. 
Wenig zahflussige Oele zeigen sehr geringe nur einige Einheiten 
betragende Jodzahl. 

Nach dem Ergebnis der Jodzahlbestimmung weisen die ameri- 
kanischen Mineralschmierole grosseren Gehalt an Kohlenwasser- 
stoffen mit olefinischer Bindung auf als die russischen. Dieses 
Ergebnis steht im Einklang mit den von Graefe 1 bei der IJnter- 
suchung von Petroleumproben gemachten Beobachtungen. 

Dass in den Mineralschmierolen ungesattigte alicycliscbe Yer- 
bindungen, insbesondere Terpenkohlenwasserstoffe vorkommen, 
hat man schon allgemein angenommen. Ob aber auch aliphati- 
sche Olefine zugegen sind, stand, soweit hier bekannt ist, bislang 
nicht fest. Olefine vermogen bekanntlich nach den grundle- 
genden XJntersuchungen von C. Engler und seinen Mitarbeitern 2 
bei langerer Einwirkung von Druck und Warme, Faktoren, die 
im Erdinnem immer gegeben waren, unter Ringschluss in Naph- 
tene iiberzugehen. 

Eine Entscheidung in der aufgeworfenen Frage lasst sich nun 
aber durch geeignete Verbindung der Jodzahlbestimmung mit 
der Formolitprobe herbeiftihren. 

Waren in einem Oel nur ungesattigte-alicyclische Verbindungen 
zugegen, so mtissen diese bei der Einwirkung von Formaldehyd 
und Schwefelsaure in Form unloslicher Formolite ausgefallt 
werden, die wieder abscheidbaren nicht in Reaktion getrete- 
nen Anteile mtissen die Jodzahl 0 aufweisen. Waren dagegen 

i Petroleum 1905/906 S. 23. u. 638. 

* Ber. d. chem. ges. 1909 S. 4610-4631 und 1910 S. 388-411. 
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ausserdem Olefine zugegen, so muss in dem wieder gewonne- 
nenOelimmer noch eine merkliche Jodzahl gefunden werden. 
Die Versuche haben ergeben, dass in den meisten der untersuch- 
ten Oele auf dem angegebenen Wege Olefine nachweisbar waren. 
Die Jodzahl der Oele wurde durch die Formolitbehandlung zwar 
verringert, ergab aber in der Mehrzahl der Falle noch einen merk- 
lichen Wert. Im einzelnen sind die Ergebnisse in Tab. 4 zusam- 
mengestellt. 

TABELLE 4 

Jodzahl von Oden vor und nach der Formaldehydbehandlung 




Fliissigkeits- 
grad nach 
Engler 
bei 20° 

-I s 1. 

1 

Jodzahl 

Lfd. 
Nr. ; 

Art des Oeles 

des ursrttng- 
lichen 

Oeles 

des vom 
Formolitnie- 
derschlag 
abgetrenn- 
ten Oeles 

i 


11,0 

8910 

8,2 

2,6 

2 

Amerikanische Oele 

24,4 

9207 

10,7 

3,2 

3 


12,1 

8994 

9,9 

6,3 

4 


14,1 

9011 

3,3 

0 

5 

Russische Oele 

42,5 

9090 

5,0 

1,4 

6 


47,4 

9122 

1,5 

0 

7 


62,0 

9108 

5,6 

2,5 


III PAB AFFINE, NAPHTENE UND POLYNAPHTENE 

Wahrend sich nach der Formolitreaktion nur die cyclischen 
ungesattigten Kohlenwasserstoffe bestimmen lassen, schien Ein- 
wirkung starker Salpetersaure geeignet, die gesamten ungesattig- 
ten Verbindungen, also ausser den cyclischen Kohlenwasserstof- 
fen auch die aliphatischen Olefine der Menge nach zu ermitteln 
und von den gesattigten Kohlenwasserstoffen, den Parafl&nen, 
Naphtenen und Polynaphtene zu trennen. Die Besti m mung 
musste freilich derartig ausgefiihrt werden, dass eine tiefer 
greifende, zerstorende Wirkung der Salpetersaure nach Mog- 
lichkeit vermieden wurde. Zu diesem Zweck wurden die Oele 
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nicht unmittelbar, sondern in Benzinlosung der Einwirkung der 
Saure ausgesetzt, die Reaktionstemperatur wnrde auf — 10° ge- 
halten. Die Versuchsausfuhrung war folgende: 

10 com. Oel wurden in ebensoviel bis 50° siedendem Benzin 1 
geldst, die Losung liess man tropfenweise in 30 com. rauchende 
auf — 10 abgekiihlte Salpetersaure vom spezifisehen Gewicht 1,52 
im Yerlaufe von etwa einer halben Stunde einlaufen. Zur 
dauemden Erzeugung einer Abkuhlung von —10° verwendet 
man zweckmassig eine 15%-ige Kochsalzlosung, welche ihrerseits 
durch ein Gemisch von Eis und Salz gekuhlt wird. Nach beende- 
tem Einlaufen der Oellosung fiigte man zu dem Reaktions- 
gemisch 50 ccm. gekiihlte concentrierte (nicht rauchende) Sal- 
petersaure hinzu und fiihrt dann die gesamte Fliissigkeit in 
einen Scheidetrichter liber. Man bemerkt dann stets 3 Schich- 
ten, eine untere wassrige, welche die gesamte Salpetersaure und 
die loslichen Reaktionsprodukte enthalt, eine obere hellgelb 
gefarbte, in der sich in wesentlichen die nicht angegriffenen Oelan- 
teile in Benzinlosung befinden und eine geringe braunschwarze 
olige Zwischenschicht, welche anscheinend aus gewissen Umwand- 
lungsprodukten der in den Oelen urspriinglich enthaltenen 
Olefine besteht. 

Die untere Salpetersaure Schicht wird auf Eis gegossen, wobei 
sich die Umsetzungsprodukte in Form eines hellgelb gefarbten 
Niederschlags absetzen. Dieser wird auf einer Nutsche abge- 
saugt, mineralsaurefrei gewaschen und bei Zimmerwarme getrock- 
net. Man erhalt so characteristische Dinitroverbindungen mit 
6, 5-F, 5% Strickstoff. 

Die Benzinschicht, welche Paraffine, Naphtene und Poly- 
naphtene (condensierte Naphtene) enthalt, wird durch Auswa- 
schen zunachst mit Wasser, dann mit stark verdunnter Lauge 
und schliesslich wieder mit Wasser von der noch anhaftenden 
Saure befreit, schliesslich wird das Losungsmittel abdestilliert 
und der Riickstand gewogen. 

Dieses wird von der Salpetersaure kaum angegriffen, Normalbenzin, 
welches bei der Formolitprobe Anwendung fand, reagiert dagegen mit starker 
Salpetersaure unter Bildung merklicher Mengen von wasserloslichen StofFen 
(Azelainsaure usw) ; die hoher siedenden Benzine bilden olige wass erunlosliche 
zu Aminenxeducierbare Nitroverbindungen. 
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Auf die Untersuchung der Zwisehenschicht, welche meistens 
nur 3-5% betragt, ist zunachst nicht weiter eingegangen. 

Im iibrigen sind die Ergebnisse der Salpetersaureprobe in der 
nachfolgenden Tabelle 5 zusammengestellt. 

Vergleicbsweise sind daneben die Ergebnisse der Formolit- 
probe (aus Tab. 1) aufgefiihrt. Aus der Zusammenstellung geht 
hervor, dass die untersuchten amerikanischen Oele in jedem 
Falle grossere Ausbeute an Nietrierungsprodukten ergaben als 
die russischen, sie enthielten also weniger gegen Salpetersaure 
bestandige gesattigte Kohlenwasserstoffe. 

Sehr bezeichnend ist ein Vergleich, der bei der Bestinxmung 
des Fliissigkeitsgrades der Oele vor und nach der Einwirkung 
von Formaldehyd und Schwefelsaure einerseits, von Salpeter- 
saure andrerseits erhaltenen Werte (Spalte VI der Tabelle 5). 

In jedem Falle zeigt das von der Formolitreaktion wiederge- 
wonnene Oel den hochsten Fltissigkeitsgrad, das von der Sal- 
petersaure unangegriffene Oel war fast in alien Fallen an dunn- 
fltissigster, das ursprtingliche Oel nahm eine Zwisehenstellung 
ein. Daraus geht hervor, dass bei der Formolitreaktion nur 
weniger zahflussige, im Schmierwert als minderwertig anzuse- 
hende Kohlenwasserstoffe herausgeschafft werden, wahrend bei 
der Salpetersaureprobe auch die wertvollen Bestandteile der 
Schmier5le angegriffen werden. 

Ob letzteres Verhalten nur auf Zerstorung der Olefine zuruck- 
zufuhren ist oder ob auch Polynaphtene usw. in Mitleidenschaft 
gezogen werden, soli durch weitere Untersuchungen festgestellt 
werden. 

Dass bei der Salpetersaureprobe ein starkerer Eingriff als bei 
der Formolitreaktion erfolgt, geht auch aus den Ergebnissen der 
Bestimmung des spezifischen Gewichts und des Brechungs- 
exponenten hervor. In jedem Falle wurden nach Einwirkung 
der Salpetersaure in dem wiedergewonnenen Oel niedrigere Werte 
erhalten als in dem von der Formolitreaktion herrtihrenden Oele 
(Spalte VII u. VIII der Tab. 5). 

Im bearbeiten ist noch die Frage der Trennung von Paraffin- 
und N aphtenkohlenwasserstoffen. Hleruber wird spater berichtet 
werden. 
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NEUE METHODE ZUR IDENTIFIZIRUNG DES 
METHYLALKOHOLS 

Yon Dr. P. N. Raikaw 
Sofia 

Seitdem der rohe Holzgeist als Denaturirungsmittel ftir den 
gewohnlichen Alkohol Verwendung findet, ist die Auffindung von 
sicheren Methoden zur Identifizirung des Methylalkohols ein 
wichtiges Problem ftir den praktischen Chemiker geworden; 
denn als ein schwierig abtrennbarer Bestandteil des denaturirten 
Alkohols dient die Konstatirung des Methylalkohols zur Iden- 
tifizirung eines renaturirten Spiritus. Es sind bis jetzt eine 
Anzahl von Methoden zur Erkennung des Methylalkohols vor- 
gesehlagen worden. Die tiberwiegende Zahl derselben beruht 
auf der tlberfuhrung desselben (durch Oseydation) in Formal- 
dehyd oder Methylal und Identifizirung der letzteren auf sehr 
verschiedene Weisen. Bei anderen Methoden wird der Methyl- 
alkohol in bestimmte typische Verbindungen tibergefuhrt, aus 
deren Zustandekommen man auf die Anwesenheit dieses Alkohols 
riickschliesst. 

In der letzteren Gruppe gehort auch die von mir gefundene 
Methode. Sie beruht auf der von mir gemachten Beobachtung 
des ungleichen Verhaltens des Nitrometans und seiner nachsten 
Homologen gegeniiber dem Nitroprussidnatrium in alkalischer ev. 
ammoniakalischer Losung. Versetzt man namlich eine Lrosung 
von Nitromethan mit Ammoniak und dann tropfenweise mit 
einer wasserigen Losung von Nitroprussidnatrium, so bildet sich 
auch bei Spuren von Nitromethan schon durch den ersten Tropfen 
der Nitroprussidlosung eine intensive Indigblaufarbung, welche 
durch das weitere Intropfen an Starke zunimmt. Die blaue 
Farbung ist ziemlich unbestandig und geht je nach den relativen 
Mengen des Nitromethans und des Nitroprussidnatriums in 
ktirzerer oder langerer Zeit durch’ s Grun ins Gelb bezw. ins 
Gelbrot liber. Die indigblaue Farbung tritt nach neuen Zusatz 
is 417 
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von Nitroprussidlosung wieder auf, falls das Gemisch noch 
unverbrauchten Nitromethan enthalt, sodass man das Auftreten 
nnd Verschwinden der blauen Farbung beliebige Male wieder- 
holen kann. 

Die dem Nitromethan nachstfolgenden hoheren Nitroparaffine 
(Nitroathan, Nitropropan etc.) liefem unter denselben Bedin- 
gungen nur rein kirschrothe Farb ungen, ahnlich derjenigen, wel- 
che die alkalische Nitroprussidlosung mit Azeton bildet, aber 
bedeutend schwachere. 

Da die blaue Farbung durch Nitromethan auch durch den er- 
sten Tropfen des Nitroprussids intensiv auftritt, wahrend die 
rote Farbung durch Nitroathan erst nach Zusatz von mehreren 
Tropfen intensiv wird, so erlaubt dieser Umstand auch die 
kleinste Menge des Nitromethans in Nitroathan scharf zu kon- 
statiren. 

Die angefuhrten Tatsachen lassen sich zu einer sicheren Iden- 
tifizirung des renaturirten Spiritus durch seinen Gehalt an 
Methylalkohol verwenden. Dazu verfahrt man auf folgende 
Weise: Etwa 200 ccm. des zu untersuchenden Alkohols werden 
mit Phosphorsaure angesauert und mit Hilfe eines Fraktionir- 
rohres der Destination unterworfen, wobei man die ersten 10 ccm. 
des Destillates zur Untersuchung auf Methylalkohol verwen- 
det. Dieses Destillat wird in einem Kolbchen von etwa 60 ccm. 
Inhalt mit 4 gr. roten Phosphor vermischt und bei aufgesetzten 
Ruckflusskuhler allmahlich mit etwa 25 gr. Jod versetzt. Nach 
20 Minuten wird das Gemisch fraktionirt, und die ersten 5 ccm. 
des Destillates werden in einem kleinen Kolbchen mit 2-3 gr. 
Silbemitrit einer langsamen trockenen Destination unterworfen. 
Das iibergehende Destillat wird in einzelnen Eprouvettchen zu 
je 3-4 Tropfen aufgefangen und auf Nitromethan untersucht, 
indem man in die Eprouvette einige Tropfen konzentrirten 
Am m oniak zusetzt, umschiittelt und darauf in das Gemisch 
einen moglichst kleinen Tropfen einer konzentrirten Nitroprussid- 
losung zufiigt und beobachtet: Weim der imtersuchte Spiritus rein 
1st, so bildet sich bei den obigen Verhaltnissen eine blassrote 
Farbung, welche durch das weitere Zutropfen von der Nitro- 
prussidlosung etwas intensiver wird. 1st aber der fragliche Al- 
kohol methylalkoholhaltig gewesen, so entsteht durch den ersten 
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Tropfen Nitroprussidlosung eine rein blaue Farbung, welche nach 
einiger Zeit ins Gelb iibergeht. Ein weiterer Tropfen der Prus- 
sidlosung erzeugt von neuem blaue Farbung u. s. w. Ebenso 
verhalten sich die Destillate in alien anderen Eprouvetten, und 
zwar ist die blaue Farbung um so intensiver, je spater die Frak- 
tionen aufgefangen sind. 

Azeton liefert mit Ammoniak und Nitroprussidnatrium eine 
ziemlich starke violette Farbung, ahnlich dem Hofmann’s Vio- 
lett, welcbe in einiger Zeit rotbraun wird. Die Anwesenheit des 
Azetons hindert nicbt die Bildung des blauen Farbstoffes durch 
Nitromethan. 

Oben wurde erwahnt, dass bei den beschriebenen Farbreak- 
tionen der Ammoniak durch Alkalien ersetzt werden kann. Die 
naheren TJntersuchungen in dieser Richtung haben folgende Re- 
sultate geliefert: Nitromethan reagirt mit Nitroprussidnatrium 
in Anwesenheit von Alkalien auf dieselbe Weise wie in Anwesen- 
heit von Ammoniak. Ein Ueberschuss von Alkalien — im 
Gegensatz zum Ammoniak, welcher die Reaktion nicht beein- 
trachtigt — ^hindert die Reaktion so weit, dass sie unter Um- 
standen ausbleiben kann. 

Nitroathan bildet in Anwesenheit von Alkalien auch durch den 
ersten Tropfen der Nitroprussidlosung eine intensiv weinrote 
Farbung, welche ganz ahnlich derjenigen ist, welche das Azeton 
unter denselben Umstanden erzeugt. 

Aus diesem Grunde ist zu der obigen Farbreaktion der Am- 
moniak den Alkalien vorzuziehen. 




(Auszug) 

UEBER RIZINUSOLSAURE 

yon Prof. Dr. B. Rassow 
Leipzig, Germany 

(Nach Versuchen von Dr. J. Rubinsky.) 

1. Die Rizmusolsaure spaltet beim Erhitzen fQr sich Wasser 
ab; dabei geht die Aziditat bis auf 50% des ursprunglichen Wertes 
herunter; fliichtige Zersetzungsprodukte entstehen bei Tempera- 
turen bis zu 150° nicht. 

Rizmusolsaure liefert beim Erhitzen in Gegenwart von Spuren 
von Schwefelsaure Produkte, deren Aziditat schliesslich nur 
25% des Ausgangsmaterials betragt; die Aziditat 0 wird aber nie 
erreicht. 

3. Die Produkte der Erhitzung von Rizmusolsaure sind soge- 
nannte Polyrizinusolsauren, das heisst Estersauren, bei denen das 
alkoholische Hydroxyl des einen Molekuls mit dem Carboxyl 
eines anderen verestert ist. Es wurde nachgewiesen, dass alle 
anderen Umwandlungsmdglichkeiten ausgeschlossen sind. 

4. Das Erhitzungsprodukt ist nicht einheitlich, sondem ein 
Gemisch von schwer oder gar nicht trennbaren Polyrizinusol- 
sauren mit mehr oder weniger unverandertem Ausgangsmaterial. 

5. Die hochmolekularen Poly-Sauren sind in Alkohol unloslich; 
ihre Bariumsalze sind bemsteinartig und I6sen sich in Aether. 

Die niedrigmolekularen Poly-Sauren losen sich in Alkohol, ihre 
Bariumsalze sind in Aether schwer loslich. 

Eine genaue Trennung der einzelnen Polyrizinusolsauren ge- 
lingt nicht. 

6. Yon den verwendeten Katalysatoren haben Neutralsalze 
wenig Einfluss, wenn sie nicht Sauren abspalten, ebensowenig 
organische Saurechloride. Organische Basen wirken als nega- 
tive Katalysatoren. 

7. Rizinelaidinsaure verhalt sich ahnlich wie Rizmusolsaure, 
wird aber durch Erhitzen leichter zersetzt. 
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STUDIES IN ESTERIFICATION Y 1 : THE ESTERIFICA- 
TION OF AMIDES AND THIO-AMIDES AND 
THE FORMATION OF DITHIO-ESTERS 

E. Emmet Reid 
Jersey City , N. J . 

In previous papers it has been shown that, as regards esteri- 
fication, benzamide is the analogue of benzoic acid 2 and that 
mercaptan is the analogue of alcohol . 3 In the present paper it 
is shown that benzamide may be esterified by mercaptan and 
thiobenzamide by alcohol and mercaptan. 

We have the following group of analogous reactions. 

4 

1 CeHsCOOH+HOCsH* ^ C 6 H 6 COOC 2 H s +H s O 

1 

1 

2 CeHsCOOH+HSCsHs ^ C6H 6 C0SC 2 H 6 +H 2 0 4 

< — 

25 

1 

3 CeHeCOSH+HOCjHs C 6 H 6 COOC 2 H 5 +H 2 S 5 6 7 

< — 

0 

1 

4 C 0 H 5 CONH 2 +HOC 2 H 5 7* CeHsCOOCjHB+NH** 

< — 

170 

1 

5 C«H 6 CONH 2 +HSC 2 H 6 ^C,H s COSC 2 H 6 +NH s 

17000 

1 

6 C 6 H 6 CSNH a +HOC 2 H 5 ^ CoHoCSOCaHe+NH* 

170 

1 

7 C6H5CSNH 2 +HSC 2 H 5 ^ CeHsCSSCaHs+NHa 

17000 

• Am. C. J. 41 , 483; 48 , 498; 45 , 38 and 479. 

* Ibid. 41 , 483. « Ibid. 48 , 490. 

< Ibid. 48 , 494. 
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All of these reactions may be readily formulated in terms of 
Henry’s addition hypothesis. 1 All of them, with the possible 
exception of No. 3, are reversible, but the equilibrum points are 
very differently placed. For unit quantities the forward velocity 
in reaction 1, as is well known, is 4 times as great as the back- 
ward. Adopting the notation used in a previous article 4 this is 

4 

written The relative forward and backward velocities given 
1 

in reactions 2, 3, and 4 are those found in previously published 
experiments. By the principle of interdependence of limits, 8 
the backward velocity in reaction 5 should be 170 x 100 = 17,000 
times the forward velocity. The same relative velocities would 
appear in reaction 7, while in reaction 6 the relative rates would 
be 170: 1 as in reaction 4. As is well known amides are readily 
prepared by heating esters with alcoholic ammonia, while only 
in presence of acid is benzamide easily or largely esterified. 4 
Acids and amides of the benzoic series have been chosen for the 
work, but they are regarded as typical of acids and amides in gen- 
eral provided there are no special properties to interfere with the 
reactions. 

Comparing reactions 4 and 5, we conclude that ammonia would 
replace mercaptan in ethyl thiolbenzoate much more rapidly 
and completely than it would drive out alcohol from ethyl ben- 
zoate . In case of mixed esters this has been found to be true, 
the mercaptan half of the molecule being completely transformed 
before the alcohol half is touched. Thus Salomon 4 found that 

8 c KsaJ 5 +NH 3 ^ cs< \NH 2 H6+HSCH8 

9 os <S +NH *^ cs <Na'+ HSC ® 

10 CO<^ 2 J 5 +NH 3 -^ CO<^f+HSC 2 H 6 

« Ber. d. chem. Ges. 10, 2041. 

Am. C. J. 4$, 490. 

* Ibid. 48 , 502. * Ibid. 45 , 479. 

‘ Jour. pr. Chem. (2) 8 , 114 and 6 , 433. 


* Ibid 41 , 483. 
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and Morley and Saint 1 found that 

11 COSC 2 H5+NH 2 ^CONH 2 +HSC 2 H5 
COOC 2 H 5 COOC 2 H 6 

In a previous paper 2 an experiment was given in which ethyl 
benzoate saturated with dry ammonia was heated to 200° for 
14 hours and showed only partial transformation the equilibrium 
point being reached only after much longer heating. Thus 
ammonia reacts with ethyl benzoate only slowly at 200° while 
the following experiment shows that ethyl thiolbenzoate is readily 
acted upon even at 20°. 

Ethyl thiolbenzoate was weighed into a tube and saturated 
with ammonia which had been dried over lime and caustic soda, 
and the tube sealed. At room temperature a precipitate appeared 
after several hours and crystals formed over night. After 8 hours 
the crystals filled one third of the liquid and did not seem to 
increase during several days. To insure the completion of the 
reaction to the limit, the tube was heated to 100° for 15 hours. On 
opening no pressure was found, and moist litmus paper showed 
only a tinge of blue. The mercaptan was identified by distilling 
into lead acetate solution. The mixture of amide and ester was 
poured into water and titrated using cochineal as indicator, but 
the amount of ammonia present was too small to affect the indi- 
cator. The mixture was distilled with steam, the residue evap- 
orated in a tared dish and weighed as amide, the ester extracted 
from the distillate, dried and weighed. The numerical data are 
given in grams and in millimoles. 

Ethyl thiolbenzoate taken 5.6899 g. or 34.13 m. moles 
Ammonia taken 0.1272 g. “ 7.47 

Ester left after total action 26.66 tc or 4.427 g. 

Ester recovered or 4.468 g. 

Benzamide calculated 7.47 “ or 0.905 g. 

Benzaimde found 0 • 915 g. 

This benz am ide once crystallized from water had m. p. 125 . 5°. 
This experiment shows that the reaction is practically complete 

i Jour. Chem. Soc. Jfi, 400. 

* Am. C. J. 46, 511. 
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and that the equilibrium point is far to one side. In order to 
approach the equilibrium point from the other side, several 
tubes containing benzamade and mercaptan were heated to 200° 
for some hours. The products were complex and were not 
suitable for quantitative work. 

Since, as has been shown, benzamide is readily esterified accord- 
ing to reaction 4, in presence of hydrochloric acid which not only 
catalyzes the reaction but also combines with the liberated am- 
monia so that the reaction goes to completion, it was to be 
expected that hydrochloric acid would likewise accelerate the es- 
terfication of benzamide by mercaptan accordng to reaction 5. A 
quantity of benzamide was sealed up wth some mercaptan which 
had been saturated at —20° with dry hydrochloric acid. The 
mixture was heated for several days to 100°. On opening the 
tube no hydrochloric acid was found and ammonium chloride 
and ethyl thiolbenzoate were identified. A similar experiment 
was tried with acetamide, with similar results, but the resulting 
ester did not seem so pure. Benzamide and acetamide readily 
form hydrochlorides when treated with hydrochloric acid in pres- 
ence of mercaptan. 

Matsui 1 found that alcoholic ammonia decomposes thion- 
ester even in the cold with great ease to give thion-amide. That 
is, the reversal of reaction 6 takes place readily. He found that 
thion-esters are readily transformed, with evolution of hydrogen 
sulphide, into oxygen esters by water, acids, alkalies, etc. It was 
expected that, in presence of hydrochloric acid, alcohol would 
react with thionbenzamide to give the thion-ester according to 
reaction 6. Much time was spent on a study of this, and many 
tubes were sealed up containing various mixtures and treated in 
different ways, but, while all of the mixtures yielded esters, by the 
time that the esters had been washed free from acid and other 
impurities they consisted mainly of ethyl benzoate. This is 
not surprising since, according to the experiments of Matsui, the 
thion-esters so readily exchange hydrogen sulphide for water. 

The most interest attached to reaction 7 since, at the time that 
this work was taken up, the Summer of 1909, no dithio-ester had 
been made except among the carbonates which were formed by a 

1 Mem. Col. Sc. and Eng. Kyoto 1 , 285. 
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special reaction. Ethyl dithio-benzoate was prepared accord- 
ing to this reaction in September 1909. Since that time Bloch, 
HOhn, and Bugge 1 and Hohn and Bloch 2 have made dithio-aeids 
by the condensation of aldehydes with hydrogen persulphide and 
have alkylated salts of these acids. Houben and Schultze 3 have 
recently alklyated salts of dithio-acids made according to the 
method of Houben and Pohl 4 by treating Grignard compounds 
with carbon bisulphide. 

Dry hydrochloric acid combines readily with thiobenzamide 
and with other thio-amides. The compound with thiobenzamide 
is liquid at moderate temperatures but forms light colored, well 
formed, transparent crystals at low temperatures. When gaseous 
hydrochloric acid is passed over thiobenzamide the bright yellow 
needles melt into a viscous amber colored liquid much of which 
solidifies at low temperatures. Quantitative work showed that 
the hydrochloric acid taken up is, in this case, about 1.5 molecules 
while with other thioamides it is nearly one molecule. Acid is lost 
from some, at least, of these compounds in a current of dry air. 

In the following experiments the thio-amide was weighed into 
a glass stoppered U-tube and dry hydrochloric acid passed 
through. In some cases the acid was displaced by dry air before 
weighing and in others in similar empty U-tube, through which 
the same current of gas was passed, was used as a tare. Entirely 
constant weights were obtained in no cases. In the case of thio- 
benzamide the viscous nature of the product formed prevents 
uniform and thorough action. In one experiment 0.7179 g. 
thiobenzamide was exposed to hydrochloric acid for 3 weeks and 
then dry air was passed for a short time. The gain in weight 
was 0.3048 g. or 1.6 mol. hydrochloric acid for 1 mol. of the 
thiobenzamide. In another case a U-tube containing 1.0528 g. 
thiobenzamide through which dry hydrochloric acid was passed, 
at intervals during three weeks, gained 0.4286 g. more than a 
ftfymlflT U-tube used as a tare. This is 1.53 mol. In the case of 
thio-x-naphthoicamide the gain on exposure of 0.2433 g. to hydro- 

i Jour. Pr. Chem. (2) 88 , 473 (1910). 

*Ibid. (2) 88 , 486 (1910). 

*Ber. d. chem. Ges. 44 , 3226 (1911). 

«tt>id. 89 , 3219 (1906). 
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chloric acid for several days, was 0.0554 or 1.18 mol., while for 
0.3391 g. thio-o-toluic amide under the same treatment, the 
gain was 0.0787 g. or 0.96 mol. Considerable heat is evolved in 
all of these combinations. 

To prepare ethyl dithiobenzoate, thiobenzamide is roughly 
weighed into a tube and saturated with dry hydrochloric acid 
0°. Somewhat more than the calculated amount of mercaptan 
is added and the tube sealed. The mixture usually becomes 
homogeneous on warming to room temperature, but frequently 
deposits beautiful, well formed, transparent, rectangular crystals 
on cooling. These are sometimes as large as 3 x 6 mm. The 
mixture is kept at 25° for five weeks or more. The progress of 
the reaction may be judged by the accumulation of the precipi- 
tated ammonium chloride. On opening the tube some pressure 
is found and considerable hydrochloric acid is evolved. The 
product is mixed with redistilled light petroleum ether which 
mixes in all proportions with the ester, but leaves unchanged 
thiobenzamide and ammonium chloride, both of which are in- 
soluble in petroleum ether. Much of the hydrochloric acid 
escapes on exposure to the air and the rest is washed out of the 
petroleum ether solution by shaking it with water containing a 
little sodium carbonate. The solution is dried over calcium 
chloride and the petroleum ether distilled off. The ester remaining 
is distilled in vacuum. In two preparations the attempt was 
made to hasten the process by heating the mixture to 100° for 
from 14 to 40 hours. In these cases the ammonium chloride 
formed rapidly and the ester seemed to be formed in abundance, 
resembling the usual product in appearance, but when it came 
to the fractionation, the product was found to be complex and to 
contain much high boiling material. It is known that dithio- 
benzoic acid readily polymerizes. However, when the reaction 
mixture is kept at 25°, the reaction though slow and, so far as 
tried, never complete, yet seems to be a clean one as no other 
products seem to be formed and the ester obtained boils quite 
constant. In the first preparation 28.6 g. thiobenzamide was 
used to 33 cc. mercaptan and although a considerable portion of 
the product was lost by an accident, 15 g. of ethyl dithiobenzoate 
was obtained as the main fraction, boiling within about 1° of 
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208° under 99 mm. This had d. ff of 1.1423. The last prepara- 
tion boiled at 180° under 28 mm. and had d. H 1.1477. The 
properties are given in tabular form along with those of ethyl 
benzoate and ethyl thiobenzoate. 


Ethyl 

B. p. 
d. U 
d. V- 

Increase for 1 S 
Apparent coef. expan. 0-25' 
Mol. Volume 
Increase for 1 S 
Viscosity at 25° 

Increase for 1 S 
Fluidity at 25° 

Decrease for 1 S 


Ben- Thiolben- 
zoate zoate 
213 . l 757mm - 253 763mm - 

1.0447 1.0971 

1.0417 1.0937 

0.0524 

5 0.000861 0.000775 

144.07 151.51 

7.84 

0.01909 0.02421 

0.00510 

52.39 41.31 

11.08 


Dithioben- 

zoate 

280? 

1.1477 

1.1439 

0.0506 

0.000699 

159.28 

7.77 

0.03117 

0.00696 

32.09 

9.22 


The figures for molecular volumes are of interest since in 
passing from the benzoate to the thiolbenzoate a hydroxyl oxy- 
gen is replaced by sulphur while in the next step a carbonyl oxy- 
gen is replaced. The increase of molecular volume is the same in 
both cases, hence if oxygen has two different atomic volumes 
according to its mode of combination, sulphur seems also to have 
two different atomic volumes and they seem to differ by the same 
amount that the oxygen values do. The fluidities are more 
nearly additive than the viscosities which agrees with the gen- 
eral conclusions of Bingham. 

Ethyl dithiobenzoate is a thick oil, of a beautiful red color, 
with a rather pleasant odor resembling ethyl benzoate and thiol- 
benzoate. It is quite stable. A specimen of it was kept for over 
a year in a cork stoppered bottle with no apparent change, 
though at the end of that time it did not all distil properly and 
gave slightly low analytical results for sulphur. The ester 
passes over slowly with steam. A sulphur determination accord- 
ing to a slightly modified form 1 of the method of Morse and 
Gray* gave 34.94% sulphur instead of the calculated 35.20. 

i Am . Chem. Jour. Jft, 41G. * Ibid. SB, 451. 
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The most characteristic reaction, is its easy transformation at 
room temperature, by alcoholic ammonia into thionbenzamide. 
The ester, to the amount of 0.2988 g., was weighed into a beaker 
and covered with alcoholic ammonia. After standing over night, 
the mixture was evaporated to dryness and 0.2326 g. of thionben- 
zamide was obtained instead of the calculated 0.2250 g. 

Considerable time was spent upon the saponification of this 
ester in the hope of preparing the long sought thionbenzoic acid, 
CgHeCS.OH, which though described by Fleischer, 1 has probably 
not yet been made. 2 Some results have been obtained, but not 
conclusive. Houben and Schultze 3 obtain naphthoic acid as 
the final product of the saponification of the corresponding 
dithionaphthoic esters. Matsui 4 found the thion-esters unstable 
in the presence of oxygen compounds and the thion-acids are 
probably more unstable. 

The observations here made on ethyl dithiobenzoate agree 
well with those made by Hohn and Bloch 5 on the same ester and 
with those made by these authors and by Houben and Schultze 6 
on the corresponding methyl ester and on other esters of this 
class. It is of value to have a variety of methods for preparing 
compounds of this class, since one method may give good results 
in cases in which another fails. Since thio-amides are readily 
made from nitriles which are generally accessible, the present 
method would seem to be applicable in a number of cases. By 
this method the esters are obtained directly from stable well 
crystallized compounds. However, the present work was under- 
taken to complete the systematic study of a group of closely 
related reactions rather than to add to the number of organic 
compounds. The results show that reaction 7 is reversible and 
that the equilibrium point is far to one side as is the case with 
reactions 4, 5 and 6. 

1 Am. Chem. (Liebig ) 140, 236. 

*Ber. d. chem. Gres. IS, 861. Am Chem. Jour, 4 491. 

1 Ber. d. chem. Ges. 44, 3232. 

* Loc. cit. s Loc cit. 
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MARGARIC ACID AND ITS RELATIONS TO PALMI- 
TIC & STERIC ACIDS 


R. F. Ruttan 

McGill Univesity , Montreal , Canada 
Introduction 

Chevreuls was the first to use the name “Margaric acid.” 
It is found in his early researches on the constitution of fats and 
soap formation, published in 1811. From pigs fat he separated 
two fats of different melting points, the solid one he called 
“Stearin” and the liquid fat “Elsein.” The acid obtained 
from the soap of the former he named “Acide Margarique” and 
from the oily fat he obtained an acid called by him “Acide Ole- 
ique.” He subsequently resolved a large number of animal and 
vegetable fats into these acids and described Margaric acid as 
the characteristic acid of Spermaceti. In 1820 he divided 
Margaric acid into two acids of different melting points “Acide 
Margarique” and “Acide Stearique.” 1 

Heintz in 1852 and Berthollet subsequently demonstrated that 
the acid called Margaric by Chevreuls was a mixture of Stearic 
and Palmitic acids. This eutectic mixture cannot be separated 
by crystallization but Heintz separated the acids by recrystal- 
lization of their magnesium salts. 

The true Margaric acid C17H34O2 has been prepared. Heintz 
probably obtained it in 1857. By heating potassium cetyl sul- 
phate with potassium cyanide to 200° he obtained an impure 
cetyl cyanide which by boiling with alcoholic potash gave among 
other products a soap from which he separated two acids, one of 
these melted at 59.9°C and gave an analysis C34H34O4. This was 
called by him Margaric acid. 

Krafft 2 also obtained small quantities of the acid in 1880. He 
distilled at 110 mm. pressure a mixture of Barium Stearate and 

1 Recherches Chemiques sur les corps gras d’origine animale (Paris 1823). 

* Annales de chem et de physique (7) 24, 454. 
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Barium Acetate. The resulting mixed Ketone CX7H35COCH3 
having the M. P. 55.5°C was carefully oxidized by potassium 
bichromate and dilute sulphuric acid with the production of 
Margaric and acetic acids. He also prepared the sodium and 
silver salts but no esters. Repeating this process it was found 
that a yield of ester not more than ten per cent was obtained and 
on oxidation a very small yield of a solid fat acid was given which 
was a mixture from which Margaric acid could only with diffi- 
culty be separated. 

The only practical preparation and careful study of Margaric 
acid hitherto recorded is by Le Sueur in 1904. 1 He prepared 
the acid in the course of an interesting study of the effect of 
heat upon the alpha hydroxy derivatives of the higher fatty 
acids. He first prepared alpha brom-stearic acid by the 
Hell and Sadonsky's method, converted this into the alpha hy- 
droxy acid by action of dilute aqueous potassium hydrate at 100° 
C and on heating this dry acid to 270° C he obtained Margaric 
aldehyde with evolution of CO and formic acid. The Margaric 
aldehyde on oxidation with potassium permanganate gave Mar- 
garic acid. He further prepared the silver salt of the acid the 
methyl and ethyl esters, the alpha brom and alpha hydroxy deri- 
vatives and the amide. 

Regarded simply as a method of preparation of Margaric acid, 
this process is certainly complicated, as it is necessary to prepare 
and separate three derivatives of the available material, stearic 
acid before obtaining the desired product, margaric acid. 

By the an application of Grignard reaction this acid has been 
prepared by the writer conveniently and directly from cetyl 
iodide or bromide. 

Among the numerous applications of this reaction compara- 
tively few studies have been made of the action of carbon dioxide 
upon the haloid magnesium compounds in the Grignard reagent. 
It seemed interesting to ascertain whether cetyl iodide would with 
the constituents of the Grignard reagent take up carbondioxide 
and produce margaric acid. It seemed probable from Grignard’s 
researches 2 that the magnesium in presence of anhydrous ether 

1 Trans. Chem. Soc. 1904, 827. 

4 Annales de chem et de physique (7) 24, 454. 
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would unite with the cetyl iodide to form the organo metallic 
compound CieHssMgl and this might absorb carbon dioxide and 
form such an intermediate unstable substance as Ci6H*sCOOMgI 
which on acidification with hydrochloric acid would give Mar- 
garic acid CwHssCOOH and MgICl. 

A method was devised after a few preliminary experiments by 
which the Grignard reaction was applied as described above and 
gave 60-70% of the theoretical yield of Margaric acid. The 
chief difficulty was found not in obtaining the reaction but in 
separating the acid from the other constituents resulting from 
the reaction. 

A considerable quantity 200-300 grams having been prepared 
by this method, a study of the relations of this acid to those well 
known fat acids adjoining it in the homologous series viz. Pal- 
mitic and Stearic has been made. 

Margaric acid has not yet been found in any natural fat, 
unless we accept the statement that it occurs in adipocere as 
ammonium margarate. (Ebert B. 8.775). Theoretically it is 
of interest as the intermediate member of the acid series between 
palmitic and stearic acids having an uneven number of carbon 
atoms. It is probably more than a coincidence that in the pro- 
cesses of plant and animal metabolism the fats stored up contain 
almost exclusively acids with an even number of carbon atoms. 

In this paper the constants and the known derivatives of 
margaric acid are compared in tabular form with those of pal- 
mitic and stearic acids. Incidentally, several of the constants of 
the latter acids have been carefully redetermined and others 
added where it seemed desirable. 

Experimental 

Preparation of Margaric acid by the Grignard reaction 

The reaction is conducted in a well dried 1 litre distilling flask, 
the neck of which is bent upwards and fitted to a long 4 tube 
reflux c ondens er. To the top of the condenser is attached a U 
shaped chl oride of calcium tube to exclude moisture. 

In the neck of the flask, a double bored stopper carries a tube 
to the bottom of the flask through which the carbon dioxide is 
introduced, this tube is about 1 cm in diameter where it dips 
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below the liquid, to prevent blocking by the solid products of the 
reaction. The cetyl iodide is introduced by a short stemmed 
100 c.c. separating funnel with stopper which is inserted through 
the other opening in the cork of the flask. 

The flask and connections are placed upon a water bath, 400 
c.c. of anhydrous ether and about 5 grammes of polished mag- 
nesium ribbon or bright granulated magnesium are first intro- 
duced and the flask closed; 70.4 grammes of dry cetyl iodide are 
then dropped in by aid of the separating funnel, about half that 
quantity at first with a crystal of iodine to act as a catalyser the 
balance added more slowly about 1 c.c. at a time, after the reac- 
tion begins. The reaction first shows itself by a bleaching of the 
iodine and a gentle ebullition of the ether in the vicinity of the 
magnesium. The reaction is continuous for about one hour 
but never becomes violent; the mixture turns opalescent and car- 
ries black particles of the traces of iron in the magnesium. When 
the reaction nearly ceases the contents of the flask are heated for 
another hour, the ether being kept in vigorous ebullition. If the 
liquid be now allowed to cool a copious precipitate of the organo 
metallic compound separates in bright mica like crystals. About 
400 c.c. more of ether are now gradually added as required, to 
maintain the contents in fluid form while the carbon dioxide is 
passed through the mixture. As the contents of the flask 
becomes thick it should be shaken occasionally and the tem- 
perature raised again to the boiling point of the ether. A slow 
stream of carbon dioxide should pass for from 3 to 4 hours to 
give good results. The carbon dioxide should be washed and 
thoroughly dried by a series of calcium chloride tubes and sul- 
phuric acid. 

When the reaction is finished, the flask is well cooled, broken 
ice or snow slowly added with dilute solution of hydrochloric 
acid until a faint but permanently acid reaction is obtained. The 
thick ethereal mixture is washed with cold water and filtered to 
remove most of the hydrocarbon. A portion of the ether is dis- 
tilled off the filtrate, and again filtered after cooling. The last 
filtrate containing the margaric acid, some hydrocarbon together 
with undecomposed cetyl iodide is evaporated to dryness, washed 
with warm diluted alcohol in which the hydrocarbon is almost 
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insoluble, but which takes up the soluble acid and cetyl iodide. 
The alcohol is distilled off and the residue saponified; the dry 
powdered soap may be extracted in a Soxhlet or the aqueous 
solution repeatedly washed with ether to remove the cetyl iodide, 
traces of cetyl alcohol and any remaining hydrocarbon. The 
acid is now set free by warm dilute sulphuric acid in a beaker, 
the solid acid removed after cooling, washed with water and 
recrystallized from alcohol. By washing the hydrocarbon 
filtered off at different stages with dilute warm alcohol, more acid 
can be recovered. It was found that 35.2 grms. of the iodide 
yielded 19 grms. of acid having a melting point of 58° C this yield- 
ing 13 grms. of pure acid; theory requires 27 grms. 

Ditria-contane or Dicetyl . The hydrocarbon obtained as a by 
product was purified by recrystallization from ether and was 
identified as Dicetyl C^Hee formed by the action of magnesium 
on the iodide 2 CieHssI+Mg^&Hee+Mgl^ It crystallizes 
from ether or hot alcohol in shining white waxy plates, melting at 
70.5° C and has a refractive index of 1.4334 at 72° C. It is 
almost insoluble in cold alcohol and petrolic ether but very 
soluble in hot ether. It is somewhat soluble in the soaps of 
margaric acid from which it is extracted with difficulty. The 
slightest trace of moisture in the reacting mixture greatly in- 
creases the amount of this hydrocarbon formed. It is essential 
therefore to especially dry both the cetyl iodide and the carbon 
dioxide to minimise the formation of this hydrocarbon which is 
removed from the mixture with such difficulty. 

Margaric add . This acid has a habit of crystallization from 
dilute alcohol very similar to that of palmitic and stearic acid 
i. e. in thin, white, bulky shining plates. 

It melts between 59.9° C and 60° C corrected and solidifies at 
58.8° C. 

At its melting point its specific gravity is 0.8532. 

Its coefficient of expansion is 6.65 x 10” 4 between 60° and 80° C. 

Its solubility in absolute alcohol, grams in 100 grms. of alcohol 
is: @ 0°C-1.53 grms. @-5.4° C.-2.42 grms. @10° 0-4. 
.12 grms. @15°-6.72 grms. @ 21° C-13.4 grms. @28° C-32.14 
grms. (See diagram) 

Its refractive index @ 60° C is 1.4342. 
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Salts of Margaric add . The alkaline salts and those of the 
alkaline earths were not prepared in a pure form. The Calcium, 
Barium, Lead and Magnesium soaps are quite insoluble in water 
and all undergo partial hydrolysis. 

Ammonium margarate may be obtained in a crystalline form 
by saturating a solution of the acid in absolute alcohol with dry 
ammonia. The crystals formed on cooling a solution in warm 
absolute alcohol are light feathery transparent crosses. 

Silver Margarate . This salt was obtained in a pure crystalline 
form by slowly adding a warm alcoholic solution of silver nitrate 
to a warm nearly saturated solution of ammonium margarate. 
On cooling in the dark, the silver salt is precipitated in fine 
white prisms, striated parallel to the long axis of the crystal. 

This salt dried in vacuo, in absence of light, was used to deter- 
mine the Molecular weight of the acid. 

0.5155 silver salt gave 0.1478 Ag or 28.67% 

0.5276 silver salt gave 0.1513 Ag or 28.68% 

Theory. Cn Hss 0 2 Ag gives silver — 28.65%. 

Methyl Margarate . This ester was prepared by boiling under 
reflux condenser a mixture of silver Margarate and methyl iodide 
in equivalent proportions diluted with several volumes of ether. 

It is extremely soluble in most organic solvents and crystallizes 
from cold dilute alcohol in small waxy scales melting at 29° C. 

Ethyl Margarate . This was prepared by the action of ethyl 
iodide upon the silver salt under conditions similar to those 
employed in the preparation of the methyl ester. It crystallizes 
with difficulty from very cold dilute alcohol in small waxy plates 
melting at 27.5° C. 

Glycol esters . The mono Glycol Margarate or the hydroxy 
ethyl ester C 2 H 40 HCieH 3302 and the Glycol dimargarate or the 
ethylene Margarate CaH^CieHssC^ were prepared by heating a 
mixture of the acid and glycol to 180° C. for 5-6 hours. The 
temperature was kept constant by employing a Victor Meyer’s 
constant temperature drying bath heated by the vapor of boiling 
anilin e (182° C). The mixture which contained glycol in a 
slight excess of the theory, was continually and rapidly stirred 
by a platinum stirrer rotated by a hot air motor. Both esters 
were formed and were easily separated by fractional crystalliza- 
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tion from dilute ethyl alcohol, the dimargarate being much the 
less soluble of the two. 

Glycol Mono margarate is very soluble in dilute alcohol from 
which it crystallizes with difficulty in pearly scales when cooled 
to 0° C. M. P. 53.2° C. 

The dimargarate is more easily crystallized from alcohol in 
glistening plates which melt at 70.4° C. 

(Note.) The details of the above method and apparatus will 
appear shortly in a paper on the “ Glycol Fats” now being pre- 
pared for Jour. Am. Chem. Soc. 

A comparison of the chemical and physical properties of Palmitic , 
Marganc and Steanc acids 

In the accompanying table are gathered for easy reference 
the physical and chemical constants of these three allied acids. 

Those constants, not determined or carefully redetermined by 
the author are credited as accurately as possible to the proper 
authority. 

It is to be noticed that in almost all determinations, the con- 
stants of margaric acid and its various esters and derivatives lie 
between those of palmitic and stearic acids, i. e. the majority of 
these constants are more or less functions of the molecular 
weight of the acid. To this generalization regarding the rela- 
tions of margaric acid, there are four well marked exceptions viz. 
its melting point, its index of refraction, its solubility in absolute 
alcohol and its boiling point under diminished pressure. 

It is well established that the melting point of normal acids of 
the series C 2 H 2 n 02 having an odd number of carbon atoms always 
lies lower than that of the homologue next below it. 

Refractive Indices . On determining the refractive indices of 
these acids, it was observed that those of Palmitic and Stearic 
as shown above, are almost identical, differing only in the fourth 
decimal place by two units, while the refraction of Margaric 
acid is distinctly higher than that of Palmitic. 

As the writer's observations were made with a simple form of 
Zeiss Refractometer and the results unexpected, samples of the 
acids were sent to Mr. A. McGill of the Department of Inland 
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Revenue, Ottawa, who kindly repeated and confirmed the writer’s 
results, using the latest improved form of Zeiss Refractometer. 



Palmitic acid 

Margaric acid 

Stearic acid 

Formula 

Ci« Has O* 

Cl7 H»4 O* 

CuHuOl 

Molec. weight 

256 

270 

284 

Melting point 

62.2 

59.9 

69.3 

Sp. gr. at M. P 

0.8553 

0.8532 

0.8473 

Molec. volume 

299.3 

316.4 

335.1 

Coef. of expansion 

6.89xl0“‘ 

6.65xHT‘ 

6.65xl0-‘ 

Index of refraction 

1.4324 

1.4342 

1.4322 

Sol. in 100 grms. 

Absolute alcohol @ 0° C . 

1.45 grms. 

1.53 grms. 

0.37 grms. 

“ “ @ 5° C. 

2.0 “ 

2.1 “ 

0.51 “ 

“ “ @10.... 

4.0 “ 

4.12 “ 

1.1 “ 

“ “ @15.... 

6.5 “ 

6.72 “ 

1.6 “ 

“ “ @20.... 

9.9 “ 

10.1 “ 

2.5 “ 

“ “ @25.... 

16.8 “ 

20.1 “ 

4.9 “ 

“ “ @28.... 

29.0 “ 

32.0 “ 

6.0 “ 

“ “ @36.... 

81.0 “ 

_ « 

20.0 “ 

Boiling point 

1 268.5°C (100mm) 

to 

S3 

o 

o 

/ V 

| 

i291°C(100) 

Methyl ester M. P 

*28 

429 

>38 

Ethyl ester M. P 

*24 

27.5 

•33.7 

Hydroxy ethyl ester M. P. 

51.5 

53.2 

58.5 

Ethylene ester M. P 

68.5 

70.4 

75.8 

Acide amide M. P 

‘106 

406 

‘109 

oc Brom. acid M. P 

*51.5 

452.5 

‘60.61 

oc Hydroxy acid M. P 

<86.5 

489 

‘91.92 


1 Krafift B. 12.1760. * Le Sueur Tran?. Chem. Soc. 1904, 827. 

• Berthelot J. 1863. 502. * Heintz J. 1853, 447. 

' Hanhart J. 1858. 301. • Heintz J. A. 92. 295. 


A eutectic mixture of palmitic & stearic acids in the propor- 
tion of 8 or 9 of Palmitic to 1 of Stearic acid crystallized from 
alcohol with a melting point similar to that of Margaric acid, 
viz. 59-60° C. 

This mixture gave a refractive index higher than that of Pal- 
mitic acid and almost identical with that of Margaric viz. 1.4340. 

The refractive indices of these acids were all determined at 
temperatures as near as possible to their melting points, — usually 
less than one degree above. 
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It would be interesting to find whether the refraction of other 
acids of this series with an odd number of carbon atoms was 
higher than that of the acid next lower in the series. 

Solubility in absolute alcohol . The solubilities of the acids in 
absolute alcohol (at 15.5° C sp. gr. 0.79451 =99.86%) at varying 
temperatures were carefully determined. The alcohol was satur- 
ated at a few degrees above that at which the observation was to 
be made and kept at the temperature of observation for from 
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5 to 6 hours; about 10 c.c. of the clear supernatant solution were 
drawn off into the weighing bottle, weighed, the alcohol evapor- 
ated and the residual acid dried to constant weight in an atmos- 
phere of carbon dioxide. The results are stated in grammes of 
acid dissolved in 100 grammes of alcohol. All determinations 
were made in duplicate and gave concordant results. 

The experimental data from which the solubility curves of 
Palmitic and Stearic acids in the above diagram were plotted are 
as follows: — 


Temperature 

Palmitic acid 

Grins, per 100 grms. 
alcohol 

Stearic acid 
grms. per 100 grms. 
alcohol 

0°C 

1.449 

0.373 

7.4° C 

3.087 

.773 

18.2° C 

7.523 

1.832 

24.6° C 

15.577 

4.073 

28.8 

29.879 

5.971 

38.6 

81.110 

22.511 


The determinations from which the solubility curve of Margaric 
acid is drawn are given above. 

The solubilities for each rise of 5° C given in the table page (438) 
where not directly determined, were obtained by interpolation 
from the solubility curves. 

It will be seen that while margaric acid at temperatures 
below 15°-16° C is very slightly more soluble than Palmitic acid, 
the curves practically coinciding, above 16° C the solubility of 
margaric acid increases much more rapidly as the temperature 
rises. It would seem that the relative solubility of Margaric 
acid is, at these higher temperatures, influenced by its lower 
melting point. 

It will always be very difficult to detect margaric acid in 
presence of palmitic or to separate a mixture of the two set free 
from a fat owing to this similarity in their solubilities in alcohol. 

The solubilities of these adds in dilute alcohol, ligroin and 
ether at room temperature were also found to be quite similar. 

The boiling point of Margaric acid under diminished pressure 
evidently follows its lower melting point. 

Densities of the fused adds. The densities of Palmitic and 



xxv] Congress of Applied Chemistry 441 


Stearic acids at temperatures near their melting points were 
determined in 1882 by F. Krafft. 1 He obtained for Palmitic acid 
0.8527 and for Stearic acid 0.8454, values which are regularly 
quoted. 

In as much as the specific gravity of Margaric acid was found 
to be greater than that reported by Krafft for Palmitic acid, the 
densities of both Palmitic and Stearic acids were carefully rede- 
termined and at the same time the coefficients of expansion of 
the fused acids were obtained. 

The determinations were made in a bulb tube of about 3 c.c. 
capacity on a capillary stem carefully calibrated. The obser- 
vations were made on the tube suspended with a small accurate 
thermometer in the inner narrow chamber of a double walled 
glass vessel. The outer chamber was connected with a reflux 
condenser and in it was boiled some liquid such as —chloroform, 
methyl alcohol, benzol or water whose vapor gave the desired 
temperature. The results were recorded when the temperature 
and the readings on the capillary stem of the tube remained con- 
stant for 20-30 min utes and the readings for each acid were taken 
at three temperatures. 

On plotting the readings or the calculated densities against 
temperature, there was little or no deviation from a straight 
line. The density at the lowest temperature was determined 
within a few degrees of the melting point of the acid and the high- 
est 15-20 degrees higher. 

The specific gravity at the exact melting point was found by 
extrapolation. 

The densities obtained at the different temperatures calculated 
to water at 4° C, which the densities at the melting points were 
determined are as follows for the three acids: — 

Palmitic acid. 0 . 8534 @ 64 . 9° C 

0.8443 @78.2° C 
0 8433 @ 79 6° C 

(By extension) 0 8553 @ 62.2° O 

Margaric add 0 . 8527 @ 60 . 6° C 

0.8512 @64.3° C 
0 8411 @78.1°C 


1 Berichte 15, 1728. 
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(By extension) . 8532 @ 59 . 9° C 

Stearic add 0 . 8418 @ 78 . 0° C 

0.8399 @ 81.1° C 
0.8276 @99.5° C 

(By extension) 0 . 8375 @ 69 . 3° C 

It will be seen that Krafft’s values for the specific gravities of 
Pamitic and Stearic acids taken at their melting points, are dis- 
tinctly too low. 

The densities of these fused acids between the temperatures 
of observation, may be calculated from the following formulae 
where it is the desired temperature: — 

Palmitic acid D=0. 8533+6. 89xl0" 4 X(62.2-t) 

Margarie acid D = 0 . 8532+6 . 65x10^ X (59 .9-t) 

Stearic acid D=0. 8475+6. 5 xlO -4 X(69.3-f) 

The Palmitic and Stearic acids employed were the purest 
Kahlbaum’s acids recrystallized several times from alcohol to 
the above melting points. 

I wish to express my thanks to my colleague Dr. D. McIntosh 
for kind assistance in the density determinations. 



(Abstract) 

THE MOLECULAR REARRANGEMENT OF TRIPHEN- 
YLMETHYLHYDROXYLAMIN 

Jtjlius Stieglitz, Gut Reddick and Paul Leech 
University of Chicago , Chicago } III . 

Triphenylmethylhydroxylamin has the structure assigned by 
Stieglitz to an assumed intermediate product, (CeHs^CCl 
(NHOH); of benzophenone oxim and hydrogen chloride in the 
molecular rearrangement of the oxim by means of phosphorus 
pentachloride. Triphenylmethylhydroxylamin was found to 
undergo exactly the same rearrangement as the oxim when it is 
treated with phosphorus pentachloride: the product of the rear- 
rangement, phenylimido benzophenone, was identified by com- 
parison with synthetic phenylimido benzophenone, prepared 
from anilin and benzophenone dichloride, and by identifying its 
decomposition products, anilin and benzophenone, when it was 
hydrolyzed by treatment with hydrochloric acid. 
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(Abstract) 

THE MOLECULAR REARRANGEMENT OF TRI- 
PHENYLMETHYLBROMAMIN 

Julitts Stieglitz and Isabelle Vosbtjbgh 
The University of Chicago, Chicago, III. 

Triphenylmethylbromamin was proved to suffer a molecular 
rearrangement into phenylimido benzophenone, with the loss of 
hydrobromic acid, when subjected to the action of soda-lime at 
100°-120° when acted upon by a hot solution of sodium methylate 
in methyl alcohol solution. The product of the rearrangement 
was identified by comparison with synthetic phenylimido ben- 
zophenone and by the identification of its decomposition products, 
anilin and benzophenone, when acted upon by hydrochloric acid. 
The salt produced by the action of the bases can only be a salt 
containing the metal attached to nitrogen and the salt or its 
anion must be the substance whose decomposition leads to the 
rearrangement. 
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(Risume) 

SUE QUELQUES DERIVES DU DIPHENYLFURYL- 
MfiTHANE 

Dr. V. VESELf 

Laboratoire de chimie organique de VEcole polytechnique tck&que , 

Prague 

Le furfurole et ses homologues, contenant un groupe alde- 
hydique, sont des combinaisons 6min6ment apte a r6agir, et ce 
fut d&]k 0. Fischer (Liebig’s Annalen 206, i4i) que se servit du 
furfurole pour la preparation d’une leucobase correspondante h 
un colorant de la s6rie du triphenylmethane, en condensant 
F aldehyde en question avec la dimethyl aniline: 

N(CH 3 ) 2 . CeH^ /Ov 

CbH 4 02+2C6H5N(CH 3 )2 = CH- C CH 

N(CH 8 ) 2 . c 6 h/ (1J h . 

Comme F agent de condensation il employa le chlorure de zinc 
fondu. 

Oxyd6e par la chloranile ou par le peroxyde de plomb, la sol- 
ution de ce corps prend de suite une coloration vert fonc6, qui 
ne resiste que tr&s peu k la lumi&re. 

Partant du m6thylfurfurole, nous Favons utilise pour la pre- 
paration d’une leucobase homologue qui a ete obtenue par le 
mfime procede en etat cristallin. Ce corps sounds h Faction 
oxydante de la chloranile se transforme en mati&re colorante 
bleue. 

Occupes de Fetude des rosamines, il nous paraissait interessant 
d’essayer de condenser le furfurole et le methylfurfurole avec le 
dimethylm-andnophenol et nous avons eu Favantage d’arriver 
ainsi aux leucobases qui, soumises k Faction de Facide sulfurique 
concentre, fournirent des matieres colorantes de constitution an 
analogue h celle des pyronines et des rosamines. 
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Voici les Equations qui expliquent la formation de ces corps: 

[ H j C 8 H 8 N (CH 8 ) 2 OH 


C 4 H 3 O - CH ; 0 


C 8 H 4 N(CH 8 ) 2 OH 


c 4 h 8 o-ch< 


/CeHjN (CH 8 ) 2 OH 
"C«H 3 N(CH 3 ) 2 OH 


2 


2 


/C 6 H 8 N(CH s ) 2 OH 

C 4 H 8 0-CH< +3H 2 S0 4 = 

x C 6 H 8 N(CH 8 ) 2 OH 
y \ ^N(CH 8 ) 2 VASO* 


c 4 h 3 o-c 



0+2H 2 0+2S0 2 


N(CH 8 ) 2 


Nous avons obtenu ces colorantes sous forme de sels doubles 
avec le chlorure de zinc, k l’etat cristallin de couleur noire et k 
4clat mgtallique. Us teignent la soie en mauve fonc 4 , qui est 
assez stable & la lumi&re. La mature colorante obtenue par le 
mithylfurfurole a une nuance un peu plus rouge&tre que celle 
dfiriv 6 e du furfurole. 



(Rksumi) 

CONTRIBUTIONS A L’ETUDE DES ROSAMINES 


Dr. V. Vesely 

Laboratoire de chimie organique, de VEcole polytechnique tcMque, 

Prague 


Les mati&res colorantes d4riv£es des diaminoxanth^nes alcoyl6s 
(1) et qui sont coimues sous le nom de rosamines, out 4t6 pr6par6 
pour la premiere fois par Heumann, qui avait obtenu un repr6- 


CaHs 


/V' CH \/\ 


R 2 N 0 NR 2 


sentant de cette classe en condensant le trichlorure de benz€nyle 
avec le dim^thyl-m-aminopMnol. — 

Cette reaction peut etre exprim6 au moyen de 1’ Equation 
suivante: 


C 8 H 5 CCI 3+2 C 6 H 4 N(CH 3 ) 2 OH = 
N(CH S ) 2 


CjHj— < 




0 +2HC1+H 2 0 


% 


N(CH 3 ) 2 .C1 


Si I’ on emploie au lieu du trichlorure de benz6nyle la benzald4- 
hyde on arrive d’abord aux leuco d6riv6s II; 
w 449 
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HC 6 H 3 N(CH 3 ) 2 OH /C 6 H 3 N(CH 3 ) 2 OH 

CeHsCHO =C 6 H5CH< II 

HC 6 H 3 N(CH 3 ) 2 OH x C 6 H 3 N(CH 3 ) 2 OH 

Pour effectuer cette condensation, on chauffe la solution 
alcoolique du m-diaminoph&iol alcoyl6 et de la benzald^hyde 
avec Tacide sulfurique 6tendu pendant plusieures heures au bain- 
marie. Pour arriver k la mati&re colorante k partir de ces leu- 
coderiv4s II, il suffit g6n6ralement de les chauffer avec l’acide 
sulfurique concentr6 k 100° pendant plusieures heures. 

La rosamine se forme alors suivant le scheme: 

/C 6 H 3 N(CH 3 ) 2 OH 

2C 6 H b CH< +3H 2 S0 4 = 

x C6H 3 N(CH 3 ) 2 OH 



Bien qu’on connaisse d6jk un certain nombre de ces colorants 
dficrits dans les brevets allemands (D. R. P. Nr. 62 574 et Nr. 
150440 de la maison Bayer & Co.), les 6tudes scientifiques entre- 
prises k ce subjet se bornent jusqu’ici seulement k deux reprd- 
sentants; ce sont d’une part les recherches de Biehringer (Joum. 
f. prakt. Chemie 54, 256) sur la rosamine d4riv6e de la benzaldd- 
hyde, et d’autre part celles de Liebermann (Berl. Berichte 36,2929 
et 37,203), qui avait 6tudi6 la rosamine d6riv6e de Talddhyde 
protocat6chique. 

Nous nous sommes propose de reprendre de plus pr6s F6tude de 
ces colorants, et nous avons commence par preparer les trois 
oxy- et les trois m6thoxy-rosamines isom&iques en partant des 
oxybenzald^hydes et de leur d6riv6s m6thyl£s correspondants. 

La condensation du dimdthyl-m-aminoph^nol avec les oxy- 
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benzalddhydes s’effectue assez facilement et nous avons r4ussi 
k obtenir tous les leucod4riv4s analogues k T4tat cristallin. 

Toutefois, si Ton soumet ces leucod4riv4s k Taction de Tacide 
sulfurique concentrd pour les ddhydrater et les oxyder, on peut 
observer, que les substances pr6par4es avec la para et o-oxy- 
benzald4hyde ainsi que leurs d4riv4s alcoyl6s sont beaucoup plus 
facilement oxydables que celles, obtenues avec les d4riv4s m-oxy- 
isomdriques, de sorte qu’en chauffant les d4riv4s para et ortho 
avec Tacide sulfurique concentr4 au bain-marie pendant plusieurs 
heures on arrive k des mati&res colorantes, tandis qu’avec Tiso- 
mSre m4ta on n’obtient que des leucod6riv4s dfehydratds — 
Ayant aussi pr4par6 les rosamines de Biehringer et de Lieber - 
mann y nous avons eu Toccasion de confirmer Tobservation de 
Liebermann , suivant laquelle le produit de condensation du 
dim6thyl-amino-ph6nol et Tald4hyde protocat6chique (la dioxy- 
rosamine) s’oxyde bien plus facilement par Tacide sulfurique 
concentrd que la rosamine de Biehringer mentionnde ci-dessus. 

D ? apr&s Biehringer et Liebermann , les rosamines obtenues en 
deshydratant les leucod4riv4s sans, ou avec oxydation simultande, 
au moyen de Tacide sulfurique concentrd, devait possdder un 
groupe SOsH — dans le noyau benz4nique de T aldehyde primitive. 
En effectuant la d4shydratation de nos produits cit4s plus haut, 
nous avons proc4d6 de la m£me mani&re que ces deux chimistes, 
mais ayant pr4cipit4 les rosamines de la solution dans Tacide 
sulfurique par addition d’une solution de chlorure de zinc, nous 
avons obtenu les colorants respectifs & T4tat cristallin, qui con- 
stituaient des sels doubles avec le ZnCU et dans lesquelles nous 
n'avons pu constater la presence de groupes SOsH. 

Ces mati&res colorantes teignent bien la soie en rouge avec une 
14g&re fluorescence et le coton mordanc4 au tanin, mais elles ne 
se fixent que trfes faiblement au moyen des mordants de fer et 
ceux d’alumine. 



(Risumi) 

STJR LE DOSAGE DE LA PHLOROGLUCINE 

Emil Votocek et R. Potmbsel 
Ldboratoire de chimie organique A VEcole polytechnique tcMque de 

Prague, BoMme 

1. ) On peut doser la phloroglucine en la precipitant de sa 
solution aqueuse, contentant au moins 2% de HC1, par l’addition 
d’un exc&s de furfurol. On p4se la furfurolphloroglucide obtenue. 

2. ) Les colorants de la s4rie flavonique (apigdnine, querc4tine, 
maclurine et morine) ainsi que la phlordtine se laissent d4doubler 
par l’action de la potasse caustique presque quantitativement 
avcc mise en liberty de 1 molecule de phloroglucine. Ce fait 
pourra 4tre utilise dans l’dtude des matures colorantes d’origine 
v4g4tale. 

3. ) La rdaction avec le furfurol en presence d’acide chlorhy- 
drique peut servir & distinguer di£E4rents ph4nols. 
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ON KOJI ACID, A NEW ORGANIC ACID FORMED 
BY ASPERGILLUS ORYZAE 


Teijibo Yabtjta 

College of Agriculture, Imperial University, Tokyo 

Dr. K. Saito 1 has recently isolated a new organic acid from 
Aspergillus oryzae, which was grown on steamed rice. For this 
purpose he has extracted the finely powdered fungus mass with 
hot water, evaporated the extract to a syrup, which was repeat- 
edly shaken with ether. On evaporating the ethereal solution 
he has obtained the crude acid, which was purified by recrystal- 
lization from hot water. It forms colorless needles giving a strong 
red coloration with ferric chloride. The qualitative tests have 
shown that this acid is not identical with oxalic, succinic, citric, 
malic, tartaric or benzoic acid, which usually occur in the lower 
fungi. Judging from the melting point and from the char- 
acteristic reaction with ferric chloride, he supposed it to be 
identical with B-resorcyl-carbonic acid. But owing to the 
difficulty of obtaining the pure acid in large quantities, he did 
not investigate it any further, so I have tried to clear up the 
chemical nature of this acid. For this purpose I have prepared 
fairly large quantities of it in probably a pure state and found the 
empirical formula to be CuHmOs. From the copper salt, as well 
as from the acetyl and bezoyl derivatives, the presence of two 
carboxyl and four hydroxyl groups in the molecule has also 
boon ascertained, so that the formula may be written as Ci 0 H 8 - 
(OH4)(COOH)a. It is therefore quite different from B-resorcyl- 
carbonic acid and so far as I know, the occurrence of such an acid 
in fungi has never been mentioned before. I have given the 
name “Koji acid” to this substance. 

Isolation oe Koji Acid 

For the isolation of koji acid in large quantities I have modified 
Dr. Saito’s method in the following way: 

<K. Sgito: The Botanical Magazine (Tokyo), Vol. XXI, No. 249 
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1. ) 150 g steamed rice are put in an Erlenmeyer flask of 500 
cc. capacity, which is provided with a cotton air-filter, and after 
repeated sterilization in Koch’s steam sterilizer, it is inoculated 
with the spores of Aspergillus oryzae and kept at 30-35° for 2-3 
weeks, shaking it from time to time. When the rice is fully 
covered with the mycelium and brown spores of the fungus, it 
is dried at a low temperature, finely powdered, and extracted 
with ether in a large Sochlet extraction apparatus. During the 
extraction a part of the koji acid crystallizes out as colorless 
needles from the ethereal solution, while a part remains in the 
solution. The ethereal solution is now evaporated to dryness, 
and treated with petroleum ether to remove the fatty matter. 
The crude acid thus obtained is dissolved in a little hot water, 
decolorized with animal charcoal (which should be free from 
traces of iron) and evaporated. About 50 g koji acid can be 
thus obtained from 15 kilo. rice. 

2. ) Finely powdered koji is extracted with boiling alcohol. 
The alcoholic extract is evaporated under reduced pressure nearly 
to dryness. The residue is dissolved in water and precipitated 
with basic lead acetate, avoiding an excess. The precipitate thus 
produced is filtered off and the filtrate therefrom is treated with 
sulphuretted hydrogen to remove the excess of lead and evap- 
orated in vacuum to expel the sulphuretted hydrogen. The acid 
solution thus obtained is neutralized with caustic soda. By 
adding a copper sulphate solution to it, the light green copper 
salt of koji acid is precipitated at once, which is washed with 
water and decomposed with sulphuretted hydrogen. The filtrate 
from the copper sulphide which contains the free koji acid is 
evaporated to a small volume. After cooling the acid separates 
as colorless needles which may be purified by recrystallization. 

The free acid crystallizes in colorless needles or prisms with 
no water of crystallization. It melts at 152° (not corr.) to a 
brownish liquid. The crystals have a bitter taste, while the 
aqueous solution is somewhat sour. The purified acid is rather 
stable in the air. It is readily soluble in ethyl alcohol, methyl 
alcohol, water and acetone, less easily in pyridin, slightly in 
ether and chloroform, and quite insoluble in petroleum ether, 
ligroin, benzene and carbon tetrachloride. The aqueous solu- 
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tion has an acid reaction to congo-red, phenolphthalein, rosolic 
acid, litmus and methyl orange. It expels carbonic acid gas 
from an alkaline carbonate or bicarbonate solution. The aqueous 
solution gives a strong wine red coloration with ferric chloride, 
which may be recognized even in the dilution of 1/200,000. No 
reaction is, however, obtained with ferrous salts. The red 
coloration disappears on addition of diluted mineral acids and 
reappears by neutralization. As already mentioned, koji acid 
is precipitated from its aqueous solution by copper acetate or 
sulphate, the precipitation being complete, when the solution is 
previously neutralized with dilute alkali. The acid is not pre- 
cipitated from it aqueous solution by aqueous or ammoniacal sil- 
ver nitrate, neutral, basic or ammoniacal lead acetate, tannin, 
mercuric chloride, phosphotungstic or phosphomolybdic acid. 
It has no reaction upon alkaline diazobenzosulphonic acid, 
Nessler’s reagent, Millon’s reagent, or Fehling’s solution. The 
aqueous solution of the acid absorbs much bromine. Neither 
methoxyl nor ethoxyl group is recognized by ZeissePs method. 
When potassium permanganate is added to the alkaline or 
alkali carbonate solution of koji acid, the latter is oxidized, oxalic 
acid being one of the oxidation products. 

Koji acid leaves no ash after ignition; it contains no nitrogen, 
sulphur, phosphorus or halogen in its molecule. 

Different samples of the acid, purified from various solvents, 
such as water, alcohol, acetone and ether, were dried in vacuum 
at 100°, and analysed with the following results: 

1. 0 . 1770 g subst. gave 0.3264 g CO 2 0.0776 g H 2 O 

2. 0.1810 g “ “ 0.3340 g “ 0.0840 g “ 

3. 0.1374 g « “ 0.2542 g “ 0.0626 g “ 

4. 0.2240 g “ “ 0.4132 g “ 0.1000 g “ 

%C %H %0 
50.35 4.90 44.45 

1. 50.29 4.87 44.84 

2. 50.33 5.15 44.52 

3. 50.49 5.06 44.45 

4. 50.31 4.96 44.73 


Ci 2 Hh 0 8 calc. 
Found . . 
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The Copper Salt 


The copper salt is easily obtained by adding copper acetate 
or copper sulphate to the aqueous solution of the acid, which is 
previously neutralized with caustic soda. The precipitate is 
collected on a filter and washed with hot water, until the filtrate 
gives no reaction for sulphuric acid. 

The copper salt forms light green rhombic crystals, contain- 
ing no water of crystallization. It is insoluble in water, alcohol, 
ether, benzene, petroleum ether and ligroin, but soluble in dilute 
mineral acids as well as in acetic acid. It dissolves also in dilute 
ammonia with blue coloration. 

The analysis of the salt dried in vacuum at 100° gave the 
following result: — 


1. 0.1179 g subst. gave 0.1782 g C0 2 0.0395 g H 2 0 

2. 0.1085 g “ “ 0.1644 g “ 0.0365 g “ 

1. 0 . 5000 g subst. gave 0.1160 g CuO 

2. 0.7824 g “ “ 0.1782 g “ 

%Cu 
18.32 
18.49 
18.19 


C^HisOsCu. calc 


%c 

41.42 

%H 

3.45 

%o 

36.81 

Found 

fj- 

41.22 

3.73 


12- 

41.32 

3.68 



The Acetyl Derivative 

1. ) The acetyl derivative is obtained by boiling the acid with 
five times its weight of acetic anhydride in a flask connected with 
reverted cooler. After heating for 2 hours, it is evaporated under 
diminished pressure to remove the excess of acetic anhydride 
and the acetic acid formed by the reaction. The residue is 
recrystallized several times from hot alcohol. 

2. ) In the previous method acetic anhydride may be mixed 
with half of its weight of anhydrous sodium acetate. The ace- 
tylated product can be easily separated from sodium acetate by 
means of ethyl acetate, owing to their different solubilities. 

3. ) One part of the acid and two parts of acetylchloride are 
put into a flask, provided with reverted cooler, and gently 
warmed on the water bath. The reaction takes place very 
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violently with the evolution of hydrochloric acid gas. When 
the reaction is over, it is evaporated in vacuum to remove the 
excess of acetyl chloride and hydrochloric acid, and the residue 
is purified as mentioned above. 

The acetyl compound crystallizes from hot alcoholic solution 
as colorless needles, which melt at 102° to a brownish liquid. 
It is easily soluble in ethyl acetate, somewhat less in alcohol, 
and only sparingly in cold water. It dissolves, however, readily 
in hot water. The acetyl compound has a slightly acid reaction. 
It gives no precipitate with copper acetate, nor does it show 
any reaction with ferric chloride, but the above reactions are ob- 
tained when it is previously saponified with caustic alkali and 
neutralized with hydrochloric acid. 

Analysis of the acetyl compound, dried in vacuum at 80° gave 
the following result: — 

1. 0.1051 g subst. gave 0.2030 g C0 2 0.0465 g H 2 0 

2. 0.1234 g “ “ 0.2386 g C0 2 0.0552 g “ 

%C %H %0 
52.86 4.84 42.30 
'l. 52.67 4.92 42.41 

2. 52.77 4.97 42.26 

To give further evidence that the acetyl compound has four 
acetyl radicals in one molecule, I have determined the acetyl 
value in the following way: 

Into 2 Erlenmeyer’s flasks (A and B) were put 1 g each of the 
sample and after dissolving in 50 e.c. water, one flask (A) was 
directly titrated with standard caustic soda solution, while the 
other flask (B) was previously saponified by adding 100 c.c. of 
standard caustic-soda solution. After keeping for 48 hours at 
room temperature just so much standard sulphuric acid was 
added as to neutralize 100 c.c. caustic soda and then titrated 
with standard soda solution. The difference between the two 
titrations (A and B) expresses the quantity of standard soda solu- 
tion, which was used to neutralize the acetic acid produced by 
the saponification of the acetyl compound. Thus I found: 


Ci 2 H 10 O 4 (O.CH 8 CO) 4 . calc. 
Found 
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C 10 H 8 (CO 2 H) 2 (O.CH 3 CO)4 calc. 

Found f *' 


NaOH 

Sample Bef< ?f u f d 
K sapomficar after 
used ,. /AS 

tion (A) saponifi- 
cation (B) 


Differ- 

ence 


1.000 22.04 66.18 44.14 

1.000 22.00 66.50 44.50 

1.000 22.00 67.00 45.00 


From these observations, it is very probable that the original 
acid has four hydroxyl groups in one molecule. 


The Benzoyl Derivatives 

Two benzoyl derivatives, namely di- and tetra-benzoate cor- 
responding to the formulas Ci 2 Hi 0 O 4 (OH) 2 (OC 6 H 6 CO) 2 and 
Ci 2 H 10 O 4 (OC 6 H 5 CO) 4 respectively were obtained in the following 
way. 

1.) Di-benzoyl derivative. 

1 g finely powdered koji acid is suspended in 40 c.c. absolute 
ether, 10 c.c. benzoyl chloride is added to it, and heated in a 
flask, connected with reverted cooler, for 2-3 hours. After 
cooling, the reaction product is collected on a filter and washed 
with petroleum ether to remove the adhering benzoyl chloride. 
The residue is then dissolved in a little alcohol. On addition of 
large quantities of cold water, the benzoyl compound separates at 
once as colorless needles, which may be further purified by 
repeating the same process. 

The benzoyl compound melts at 137° to a brownish liquid. 
It dissolves only sparingly in cold water, but more easily in hot 
water. The solubility in alcohol is greater than in water. In 
ether it is slightly soluble. The benzoyl compound has scarcely 
an acid reaction. It gives no reaction with copper acetate or 
with ferric chloride. After saponifying, however, it gives the 
above reaction. 

Analysis of the benzoyl compound, dried in vacuum at 100° 
gave the following result: 

1. 0. 1256 gsubst. gave 0.2874gC0 2 0.0530 g H 2 0 

2 . 0.0862 g “ “ 0.1994 g “ 0.0370 g “ 
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%C %H %0 

C w H l0 O 4 (OH) 2 (O.C 6 H 6 CO )2 calc 63.15 4.45 32.40 

Found / 1. 63.13 4.69 32.18 

\ 2. 63.08 4.76 32.16 

2.) Tetra-benzoyl derivative. 

1. g koji acid dissolved in 50 c.c. water, is shaken with 10 c.c. 
benzoyl chloride and 50 c.c. caustic soda solution (15%), cooling 
with cold water, until the odour of benzoyl chloride vanishes. 
The benzoyl derivative separating from the solution is collected 
on a filter, washed with water and recrystallized from hot alcohol 
which was slightly acidified with hydrochloric acid. The crys- 
tals thus obtained are treated with water until the filtrate gives 
no reaction for chlorine. For further purification, they are re- 
peatedly recrystallized from hot alcohol. 

The benzoyl derivative forms colorless plates which melt at 
135°. It is very difficultly soluble in water but readily in alcohol 
or glacial acetic acid. 

Analysis of the benzoyl derivative, dried in vacuum at 100° 
gave the following result: 

0.1412 g subst. gave 0.3530 gC0 2 0.0526 H 2 0 

%C %H %0 

CuHuO^O.CeHsCO)* calc 68.37 4.28 27.35 

Found 68.23 6.14 27.63 

Different varieties of Aspergillus oryzae seem to produce differ- 
ent amounts of koji acid under the same conditions. According 
to my observation, the varieties isolated from “Tamari-koji” 
produce more acid than those isolated from “Shoyu” or “Sake- 
koji.” Generally those varieties which liquefy gelatine more 
powerfully seem to produce more acid. 

The acid is also produced by some other aspergillus species, 
but not by penicillium or mucor, as the following table shows: 


Asp. 

oryzae 

+ 

Asp. 

melleus 

— 

tt 

albus 

+ 

te 

minimus 

— 

tt 

candidus 

+ 

tt 

fumigatus 

— 

tt 

okazakii 

— 

tt 

wenti 

— 
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Asp. 

niger 

— 

Mucor racemosus 


it 

ochraceus 

— 

“ circineloid.es 

— 

u 

glaucus 

— 

“ spinosus 

— 

it 

Iuchuensis 

— 

“ mucedo 

— 

it 

nidulans 

+ 

“ stolonifer 

— 

u 

flavus 

— 

Oidium lactis 

— 

it 

clavatus 

— 

Botolytis cineria 

— 

it 

gigantius 

— 

Dematium pullulans 

— 

it 

varians 

— 

Monilia Candida 

— 

Penicillium glaucum 

— 

“ javanica 

— 

u 

glaurosum 

— 

“ variabilis 

— 

tc 

olivaceum 

— 

Chalara mycoderma 

— 

Mucor amylomyces 

— 




As the acid is also produced by the aspergillus when cultured 
in “koji-extract,” it is easily detected by previously adding a few 
drops of ferric chloride to the culture medium. 

Different culture media behave also differently upon, the pro- 
duction of this acid. Thus, the latter is produced when the asper- 
gillus has grown on certain cereals, such as maize, wheat, barley, 
rye, oats and italian millet, but not on leguminous seeds as peas, 
beans, horse beans, broad beans, soja beans, Indian beans, black 
beans, quaial beans, etc. Among many root crops examined, 
sweet potato was the only one which produces this acid. 

The antiseptic power of koji acid upon mould fungi and yeasts 
seems to be very weak, as Dr. Saito has already reported. Cer- 
tain fungi can even assimilate it as a nutriment. But the bac- 
terial growth is generally stopped, when the nutritive medium 
contains more than 0.6% of this acid. 



QUINONOID ADDITION AS THE MECHANISM OF 
DYESTUFF FORMATION 


Arthur G. Green 
The University, Leeds, England 

In 1899 Thiele (Ann. 1899, S06, 132) advanced an explanation 
of the capacity for addition exhibited by quinones and quinonoid 
compounds. This explanation he based upon his theory of un- 
saturation and the existence in such compounds of a chain of 
conjugate double linkings, attributing to this cause a large 
number of the reactions which occur with quinonoid dyestuffs. 
Bucherer in 1907 (Ber. Jfi, 3412) further elaborated this hypothe- 
sis and referred to a single type all the reactions by which the 
dyestuffs of the azine, thiazine and oxazine series are produced 
(cf. Mohlau & Bucherer, “ Farbenchemisches Praktikum”). 
For the past seven or eight years I have been in the habit of 
employing in my lectures a similar generalisation, though in a 
somewhat more comprehensive form, which I have found to 
supply a ready explanation for the formation of complex dye- 
stuff molecules not only of the above classes but also in other 
groups, e. g., the rosaniline group, for which substitutive reac- 
tions are usually assumed. 

In view of the great assistance which these generalisations give 
to the understanding of dyestuff chemistry and the small atten- 
tion which they have hitherto claimed, I have thought it desir- 
able to supplement the above publications by a description of 
the form in which I employ this hypothesis. This is, shortly 
stated, as follows: 

1. All quinones and quinone-like compounds, by reason of 
their high degree of “unsaturation,” exhibit a great attraction 
for hydrogen or equivalent groups, by the assumption of which 
they can pass into more saturated compounds. 

2. A very large proportion of dyestuff syntheses and the 
individual steps in such syntheses may be represented as con- 
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sisting in the linking up of molecules (“Verkettungen”) brought 
about through the attractive forces of quinonoid groups. 

3. Such reactions may occur in two ways, viz : — 
a. Direct Addition: 



b. Indirect Addition: 



4. In the presence of an oxidising agent such as chromic acid, 
a chlorate, atmospheric oxygen, or another quinonoid com- 
pound, the above addition products are again converted into 
quinonoid derivatives, 



which under suitable conditions are ready to react again in the 
same way, with production of compounds of still greater com- 
plexity. Such alternate additions and reoxidations may occur 
several times in succession thus producing (as in the Aniline 
Black and Induline series) very complex molecular structures. 


Dieect Quinonoid Addition 


Simple examples of reactions of this type are seen in the forma- 
tion of the indamines and indophenols by conjoint oxidation of 
paradiamines or paraamidophenols with amines or phenols. 
Taking Phenylene Blue as typical of these compounds, the 
reactions occurring may be represented as follows: — 


- M 


Cj 


JX C b\ NW 4 

o 


The formation of indamines or indophenols from nitrosoamines 
or nitrosophenols can also be represented in a similar manner: 
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NfcH). rfHj 


™*<VV r,M > 


KJ 
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The tendency of the triphenylmethane dyestuffs to form 
colourless compounds by combination with sulphurous acid, 
hydric cyanide, water, etc. has been represented by Thiele as 
follows: — 


g /'V’* nh '- 


A»». "»v 

°5 S< T ' 


Most of the reactions which lead to the dyestuffs of the tri- 
phenylmethane group are in my opinion better explained as 
addition processes than by the ordinary method of representation. 
Thus the formation of pararosaniline by oxidation of a mixture 
of paratoluidine and aniline may be represented by assuming 
that the former is first oxidised to the carboquinonimide which 
then reacts with aniline in the following maimer: — 



The hydrol and phosgene syntheses of triphenylmethane 
dyestuffs may also be regarded in a similar light. Thus the 
extraordinary facility with which tetramethyldiamidobenzhydrol 
undergoes condensation with a wide range of substances is 
explained if we regard these reactions as due to the additive 
capacity of the hydrol salt in its quinonoid form: 
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NCCH,^ 

o 

n(ani^ x oL 


Even the phenylation of rosaniline in the production of 
Aniline Blue may be regarded with great probability as a quino- 
noid reaction, though of a different type to the above: 



This accounts for the readiness with which phenylation takes 
place compared with the ordinary phenylation of amines, and 
also explains the functions of the benzoic acid used. This weak 
acid preserves a sufficient degree of acidity to determine the 
splitting off of ammonia without retaining the latter in the 
reacting mixture, so that the reaction can proceed to completion. 
If hydrochloric acid is used instead, the accumulation of am- 
monium chloride brings about an equilibrium, through the 
reversal of the reaction, when only the moon or diphenylated 
stage has been reached. 

Recent investigations upon Aniline Black have demonstrated 
that the intermediate products of its formation, emeraldine and 
nigraniline, are complex indamines containing eight aniline 
residues linked together in para position. A study of the format 
tion of these compounds (Willst&tter & Moore, Ber. 40, 1907, 
2665; Green & Woodhead, Chem. Soc. Trans. 97, 1910, 2388) 
makes it very probable that the mechanism of their formation is 
as follows: — The first oxidation product of aniline capable of 
isolation is the yellow phenylquinonimide of Caro. This body 
when treated with mineral acids is at once converted into the 
blue imide of Willstatter, a reaction which consists in the direct 
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addition of one molecule of the yellow imide to the quinonoid 
groups of the second: — 


6 " 


*+ n.^nh) 


o 


Further oxidation of the blue imide gives the red imide of Will- 
statter, CeHs.N^aH^N.CeH^N: C 6 H 4 :NH, and this also under 
the influence of mineral acids undergoes a similar addition and 
produces nigrardline, C,iH 8 .NH.C6H 4 .NH.CeH 4 .N : C&EU: N.C 8 H 4 . 
N : CeH 4 : N.C 6 H 4 .N : C 6 H 4 : NH. Or the blue imide may, by 
further self-addition, produce protoemeraldine, C 6 H 5 .NH.CeH 4 . 
N H.C0H4.N H.C 6 H 4 .N H.CeHi.N H.C 8 H 4 .N H.CeH 4 .N : C 6 H 4 : NH, 
which latter body upon oxidation gives emeraldine and ni- 
graniline. The tendency to the formation of such complex 
molecules is thus readily explained. 


Indirect Quinonoid Addition 


Simple examples of indirect quinonoid addition are to be found 
in the convertion of quinone into chloro- or hydroxy- hydroqui- 
none by the action of hydrochloric acid or of caustic soda re- 
spectively (Barth & Schreder, Ber. 12, 417, 503) : — 



OH 

hc( — — y cX— 

v A 

OH 




OH 


An important case in which the latter reaction occurs is the 
formation of dioxyanthraquinone (alizarine) by caustic soda 
fusion of anthraquinone monosulphonic acid or even of anthra- 
quinone itself, and a similar introduction of hydroxyl probably 
constitutes an intermediate stage in the production of Indan- 
threne Blue by the alkaline fusion of betaamidoanthraquinone. 
Thiele (Ber. SI, 1898, 1247; Ann. 1900, 311, 341) has also 
found that acetyl derivatives of chloro- or hydroxy-hydroquinone 
are readily formed from benzoquinone by the action of zinc 




468 


Original Communications: Eighth International [vol. 


chloride or concentrated sulphuric acid respectively in presence 
of acetic anhydride. A similar reaction has been described by 
Schultz (Ber. 15, 1882, 652) who obtained diacetyldichloro- 
hydroquinone by the action of acetyl chloride on quinone. 

Many analogous cases have been observed amongst ortho- 
quinonoid dyestuffs, thus Page & Smiles (Chem. Soc. Trans. 
97, 1910, 1112) have observed the ready formation of chloro 
compounds from phenazthionium salts when heated with hydro- 
chloric acid: 

Other simple cases of indirect quinonoid addition are to be 
found in the formation of paraphynylenediamine sulphonic acid, 
and of the mono- di- and tetra-thiosulphonic acids of para- 
phenylenediamine obtained by oxidation of this base in presence 
of sulphurous or thiosulphuric acids (cf. Green & Perkin, Trans. 
Chem. Soc. 83, 1903, 1201). Probably similar reactions, giving 
rise to intermediate SH compounds, constitute an important 
factor in the formation of sulphur dyestuffs when paraamido- 
phenols and oxydiphenylamine derivatives are heated with 
sodium polysulphide. 

The direct introduction of amido groups or amino residues 
into the nucleus of quinones or quinonoid compounds is known 
in a large number of cases. Thus alpha and betanaphthoqui- 
nones treated with aniline are readily converted into their 
monoanilido derivatives, CioHeOaCNHCeHs); whilst benzoquin- 
one gives the dianilidobenzoquinone and its anilides. Anilido 
derivatives of benzoquinone and of benzoquinoneanilides are 
also produced when aniline is subjected to oxidation under 
neutral or very feebly acid conditions (cf. Willst&ttor & Majima 
Ber. 4S, 1910, 2588; Majima Ber. 44, 1911, 229, 3080). These 
compounds constitute the intermediate stages in the formation 
of indulines and nigrosines in which cases the role of oxidising 
agent is fulfilled by the amidoazobenzene or nitrobenzene 
respectively. Assuming as before that the primary oxidation 
product of aniline is again the yellow imide of Caro, we may 
picture the further condensation to occur by alternate addition 
and reoxidation in the following manner: — 
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All these compounds give rise to indulines upon heating with 
aniline and aniline hydrochloride, the closing of the phenazo- 
nium ring being attributable to direct quinonoid addition, in 
which the amine residue taking part in the reaction is a portion 
of the quinonoid molecule itself: 


C ^ H V/* N 


*-o 


-V — ( 

OjHjNK N — •- 

<V»a 


**’-*K*J - 


By the transference of the quinonoid bonds to the other ring, 
an occurrence which has been specially studied by Kehrmann 
(Ber. 81, 977) this ring also becomes capable of indirect attention 
and thus a further introduction of amine residues is effected and 
bluer shades of induline produced. 


c l«4 N «! 


cf N c,H.. 


O N =Q 

/s ^ / 
CZ Cfo 




- -f^» 

CJl 


^•nhL^ J - .V's> NH Vs* 

C* <%**“ 


The introduction of amine residues into the benzene or naph- 
thalene nucleus, brought about by indirect quinonoid addition, 
has been observed in a large number of cases in the azine thia- 
zine and oxazine series. Amongst them may be instanced the 
conversion of phenylphenazonium chloride into aposafranine, of 
phenylnaphthophenazonium chloride into rosinduline, and of 
Meldola’s Blue into substituted derivatives of Nile Blue. 

The formation of all dyestuffs belonging to the azine, oxazine, 
and thiazine series, starting from their respective raw materials, 
are readily represented by a series of indirect and direct quino- 
noid additions with intermediate reoxidations (cf. Bucherer). 

Similar considerations can probably be applied to explain the 
formation of other classes of dyestuffs. Thus the great ten- 
dency exhibited in the anthraquinone series to the production 
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of complex ring systems (vat dyestuffs) is possibly attributable 
to the attraction for hydrogen exerted by the ketonic groups. 
Even in the azo class it seems not impossible that the formation 
of the dyestuff may be preceded by an unstable quinonoid form 
of the diazonium compound (cf. Cain). 

As to the conditions which predispose to direct or indirect 
quinonoid addition, it may be noted in general with regard to 
amines, that while strongly acid conditions favour direct quinonoid 
addition (formation of indamine formation of triphcnylmethane 
dyestuffs, etc.) neutral or weakly acid conditions favour indirect 
quinonoid addition (formation of anilidoquinones, etc.). In 
other words amine salts tend to add directly, reacting as 
HfCeBU.NB^); free amines indirectly, reacting as H(NH.CgHs). 
This is well brought out in the oxidation of aniline under various 
circumstances in which it is clearly apparent that the condition 
of acidity is the determining factor which regulates the ultimate 
product obtained (see scheme appended). In all cases Caro’s 
yellow imide is probably the first product of the reaction but 
whilst in acid solution this undergoes direct quinonoid addition 
with itself finally giving emeraldine and nigraniline, in neutral 
solution it suffers indirect addition with aniline, giving rise to 
various anilido quinones, which latter on heating with aniline 
hydrochloride produces indulines. That the condition of acidity 
is the determining factor in directing the course of the reactions 
in one direction or the other is clearly shown by tho following 
simple experiment. If to an alkaline aqueous solution of tho 
yellow imide containing aniline in excess there is added strong 
hydrochloric acid, a blue precipitate of Willstattcr’s imide is 
immediately thrown down. If on the other hand a small quan- 
tity of dilute hydrochloric acid is first added a reddish brown 
precipitate of an anilidoquinono is produced which is not further 
altered by adding concentrated hydrochloric acid a few seconds 
later. 

Exactly analogous with the course of the oxidation of aniline 
in neutral solution is that of paratoluidinc and of paraphenylene- 
diamine. The former gives Barsilowsky’s base, the formation of 
which probably occurs as follows (Green, Chem. Soc. Trans. 68, 
1893. 1895'):— 
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The production of Bandrowski’s base, from paraphenylene- 

jy»x 

IVMj 

diamine may be attributed to an analogous reaction starting 
from quinone diimide. 



(Abstract) 

COAL-TAR COLORS AND INJURY TO HEALTH 

E. E. Smith 
New York, N. Y. 

Difficulty exists in deciding the question of hannlessness of 
colors because all substances, including food, are capable of 
producing injurious effects if ingested in sufficient amount; that 
is, the question is a quantitative one. The injurious action may 
arise because the quantity ingested exceeds the capacity of 
physiological adaptation. Hence, because a certain large 
quantity of color, when administered to an animal, produces a 
harmful effect, it may not be concluded that the color is essen- 
tially injurious. Such an observation establishes the quality of 
action; whether it is essentially injurious will be determined by 
whether the amount in food is or is not removed by a wide 
margin of safety from the quantity capable of producing the 
observed quality of action. The extent of such a margin that is 
necessary varies with the particular quality of action. 

In determining the matter of quantity, a numerical expression 
of how much of a given color per given weight of animal would 
produce injurious effect cannot be obtained, because the produc- 
tion of injury varies with the species of animal, the individual of 
the same species, the size and age of the animal and with the 
particular quality of action. Hence, while the quality of action 
may be determined by animal experiments, the quantitative 
relation must bo determined by observations on humans. Actual 
injury need not be produced. It is only necessary to demon- 
strate a wide margin of safety. 

In the selection of the seven permitted colors F. I. D. 76, the 
procedure of eliminating from consideration those colors which 
are described in literature to have produced unfavorable effects 
is an evasion rather than a rational interpretation of the facts since 
it has merely led to the adoption of colors six of which have been 
inadequately investigated. It is not questioned that their selec- 
tion is fully justified on other grounds. 
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THE NEED OP OFFICIAL TESTS IN DYEING AND 
TEXTILE CHEMISTRY 

L. DaCosta Ward 

Philadelphia Textile School, Philadelphia, Pa. 

The writer calls attention to the lack of uniformity in the 
testing of dyestuffs for fastness to various agencies, and in other 
lines of textile chemistry. 

The opinion is expressed that the class, i.e., acid, basic, sub- 
stantive, etc., is irrelevant to the question of fastness and that 
a dyestuff called “fast,” for instance, should fulfil or pass certain 
official or standard tests, depending upon the agent to which 
reference is made. 

Co-operation is urged of the various dyers’ societies with the 
color manufacturers with the object of establishing a uniform 
system of color testing, and of textile chemists among themselves 
and if necessary with the textile manufacturers’ associations in 
standardizing methods at present employed. 
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USE AND DETECTION OP COLORING MATTERS IN 

FOODS 

Harvey W. Wiley and Aida M. Doyle 
Washington , D. C . 

This paper has been prepared by its authors in the hope that 
a few years will see no necessity for the further practice of the 
chemical methods for the detection of colors in foods, herein 
described. Increasing knowledge of the use of food colors, and 
a study of their purpose and effects, convinces me more and more 
that the artificial coloring of food is an ethical, moral, and dietetic 
sin, and should be rigidly prohibited by Municipal, State and 
Federal laws, but this ideal condition has not yet been attained 
and therefore, a systematic and scientific scheme, by which the 
chemist can detect these artificial colors, classify them, and thus 
lay the foundation for further work of a prohibitory kind is 
most useful. 
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FABRICATION D’TJNE FARINE SUCRfiE DE BET- 
TERAVE “BEETMEAL” SON EMPLOI DANS 
L’ ALIMENTATION HUMAINE ET ANIMALE 

A. Atjlard 
Bruxelles , Belgium 

Au precedent Congr&s international de chimie appliqu6e, 
Londres 1909, je fis une communication sur la fabrication d’une 
farine v4g6tale sucree en utilisant la betterave co mine mati&re 
premi&re. 

Depuis cette communication, une usine, celle de Daussoulx 
Yedrin (Belgique) ya commencer sa troisi&me fabrication et, 
jusqu 7 & ce jour, toute sa production s’est enlev6e en quelques 
semaines; aussi d&s la campagne prochaine 1912, une seconde 
usine entrera-t-elle en fonctionnement, en France, pr&s de Dun- 
kerque et la Societe Civile Beige des brevets Dautrebande 
(brevets accordes en Allemagne, pays pourtant si difficile dans 
Poctroi de ses brevets qui acquiferent ainsi une valeur r^elle) 
songe & cr6er diverses grosses usines susceptibles de traiter 
chacune annuellement de 30 h 50,000 tonnes de betteraves. 
C 7 est vous dire, Messieurs, qu 7 une industrie nouvelle, la farine 
de betterave, baptist & son debut “Beetmeal” a vu le jour 
sur ce petit coin de terre si fertile qu’est Pindustrieuse Belgique. 

Cette industrie nouvelle, pour accomplir 6eonomiquement la 
dessiccation de la betterave, avait besoin d 7 un dessiccateur pra- 
tique permettant l 7 utilisation des gaz perdus des g&idrateurs, 
ou Futilisation integrate des calories provenant de houille mi- 
grasse ou maigre, brffide dans un foyer special. 

Apr&s des essais accomplis avec divers dessiccateurs, la pre- 
ference fut donn6e au dessiccateur vertical A. Huillard, de 
Suresnes, qui, seul, permet la dessiccation rationnelle de la 
betterave & temperature comprise entre 120° maximum et 40° 
& la sortie. Je n 7 entrerai pas dans les details techniques de 
P operation de la dessiccation de la betterave. II n 7 est pas aussi 
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ais6 qu'on le croirait k premiere vue, d’extraire Peau emprison- 
n4e avec le sucre dans une multitude infinie de petites cellules. 
Le protoplasme des cellules, s’il est chauff6 immod6r6ment au 
d6but, se contracte et laisse exsuder le jus sucr6, ce qui rend le 
s^chage excessivement difficile; il faut done que la cellule gonfle 
sans se rompre, ce qui n’est possible que dans le dessiccateur 
Huillard, k plateaux superposes et k courant rationnel d’air 
chaud de bas en haut, de plus en plus humide vers la sortie des 
gaz. Les cossettes de betterave aussi bien sectiomaies que pos- 
sible, sont d4vers4es sur un premier plateau ou elles rencontrent 
pr4f£rablement k une haute temperature sfeche, de la vapeur 
d’eau m61ang6e d'air chaud non enti&rement satur6, la tempera- 
ture s&che coagulant la substance albuminoide du protoplasme, 
comme la chose a lieu dans la plupart des dessiccateurs exist- 
ants. Dans le Huillard, les cellules de la betterave se gonflent 
et sont aptes k laisser evaporer Peau qu’elles contiennent; aux 
plateaux suivants, elles se trouvent dans un intensif et entrainant 
courant d’air, de moins en moms charge de vapeur d’eau et 
consequemment de plus en plus sec et de plus en plus chaud 
(120° cent.) au plateau inferieur, en un etat hygrometrique de 
Pair se rapprochant de zero. 

Le sucre dans la cossette s&che que voici, se trouve emprisonne 
dans la mature v4g4tale susceptible de reprendre sa forme de 
cossette humide et non k Pexterieur de cellules incapables de se 
gonfler, de r4absorber de Peau, parce que dessechees k trop haute 
temperature. 

Un tel produit est apte k fourair en diffusion un aussi bon 
travail qu'avec de la cossette fratche; son epuisement serait 
progressif et complet en un produit dense et tr$s pur. 

Aux Etats-Unis, Ik ou la main-d'oeuvre cotlte trds cher, ou les 
distances sont tr&s grandes, il y aurait lieu de cr4er des s&cheries 
de betterave qui permettraient aux sucreries existantes de tra- 
vailler de la cossette sucree s6che durant toute Pann6e. La 
chose est possible aujourd'hui, gr&ce au dessiccateur tr&s ra- 
tionnel de M. A. Huillard, qu’on peut adjoindre k des industries 
existantes, n’ayant pas k utiliser les gaz perdus de leurs carneaux 
et pouvant les c4der k une s&cherie adjacente. 

Mais revenons au “ BeetmealP ’ Sa composition est la suivante, 
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d’apr&s la moyenne de mes nombreuses analyses, en employant 
& la dessiccation une bonne betterave sucri4re, composition 
cent4simale du Beetmeal: 


Matures albuminoldes azot4es QfiO 1 

Saccharose 65,50 

Matures hydroearbon4es 12, 75 1 

Cellulose saccharifiable 5,20 

Matures grasses 0,75 

Eau 5,40 

R4sidus, matures inertes salines 3,80 


100,00 

Up tel produit n’est pas k vrai dire un aliment complet; il 
renierme trop d’bydrates de carbone par rapport aux substances 
protelques qui sont en trop faible quantity; toutefois un tel 
produit ind4finiment conservable (j’en ai conserve sans moisis- 
sures pendant trois ann4es) peut entrer dans la composition de 
tous les tourteaux, arachide, coton, coprach, lin, etc. et des 
farines de cocotier et autres, trop pauvres en hydrates de car- 
bone et trop riches en prot4me. II les enrichit en sucre, rendant 
plus digestible et assimilable les principes digestibles auxquels 
le Beetmeal” a communiqu4 ainsi une plus grande valeur. 

Nous ne devons pas oublier que la physiologie exp4rimentale a 
4tal)li que les muscles puisent les mat4riaux n4cessaires & l’ac- 
complissement de leurs fonctions dans la riche provision de gly- 
cogtne qui les irrigue. Si l’alimentation est assez riche en 
subftances hydrocarbon4es (sucre), celles-ci sont directement 
utilis4es; dans le cas contraire, ou bien l’animal transforme en 
hydrates de carbone les graisses et albuminoldes de sa ration, 
ou bien il consomme ses r4serves, ou encore les deux ph4nom4nes 
se passent en m&me temps. 

Oes faits bien acquis ont une grande importance; ils condui- 
senfc, en effet, & restreindre la proportion des matures azot4es 

> Composes organiquea azot4s de combinaisons diverses (asparagine, gluta- 
mine, leucine, tyrocine, lecithine et diverses matures de nature albuminolde, 
dee bases, des enzymes, des peptones, etc.) ; rien n’est plus complete que la 
composition des produits v4g§taux, surtout la betterave sucrifere. 
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de la ration & la quantity indispensable pour la r4paration des 
tissus et des muscles et & augmenter dans une notable proportion, 
chez Fhomme comme chez l - ' animal, soumis a un travail intensif, 
la quantity des substances non azot4es: amidon, sucre, matures 
grasses. Pour l’41eveur, ce fait pr4sente un int4r6t capital; en 
effet, le cout de Vunitt de substance azotie dans les fourrages est 
beaucoup plus ilevi que celui de la substance hydrocarbonie (sucre). 
Le Beetmeal, farine de betterave & sucre, vient done bien k son 
heure apporter sa quote part & l’enrichissement des aliments 
sains et indispensables k la nourriture de nos bestiaux et de nos 
chevaux. 

D’aprSs les comptes de l’usine de Daussoulx, les 100 Kgs de 
Beetmeal pourraient etre vendus 20 francs, ce qui mettrait 
l’unit4 sucre en partant d’un produit k 65% et & 25% de sub- 
stances nutritives autres, albuminoides et azot4es, auxquelles 
je n’attribue qu’une valeur de 15 frs. les 100 Kgs. & 25X15 = 3.75 
frs. & d4duire de 20 = 16.25 frs. les 65 Kgs. de sucre, soit 25 frs. 
les 100 Kgs., ce qui, en Belgique, en regard du prix du sucre, 
sans les droits, est de 6 k 7 frs. inf4rieur au prix du cristallis4. 
En partant d’une betterave 4 30 frs. la tonne rendue usine et 
en caJculant que la dite racine peut donner au minimum 250 
Kgs. de Beetmeal, comptes comme extrait sec, il faudra enlever 
750 Kgs. d’eau & la tonne de racine qui, en usine utilisant les 
gaz des cameaux demandera au maximum 90 Kgs. de combustible 
plus celui n4cessaire k la machinerie, environ 30 Kgs., soit 120 
Kgs. & 18 frs. la tonne rendue 2,16 frs. 

Le coOt de la main d’oeuvre ne d4passcra pas 3,50 frs. et celui 
des frais accessoires un franc; soit au total 6,66 frs. k la tonne 
de betterave. Si on ajoute les frais g4n4raux et divers, on 
arrivera probablement k 10 frs. de frais totaux (soit qufttre 
francs aux 100 Kgs. de Beetmeal) ; si on ajoute le prix du pro- 
duit, 30 frs., on obtient 40 frs. de d4penses pour une recette de 
250 Kgs. de Beetmeal & 20 frs. les 100 Kgs., soit 50 frs. Comme 
moi, Messieurs, vous jugerez qu’il y de la marge et que cette 
nouvelle industrie m4rite d’etre prise en tr4s s4rieuse consid4ra- 
tion, aujourd’hui que la Belgique vous montre la voie & suivre; 
elle le m4rite d'autant plus que je faisais ressortir au Congr4s de 
Londres que Fhomme, 4galement, pouvait utiliser cette farine 
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trfis pure it la confection de divers produits sucr4s; j’4crivais ce 
qui suit et qu’il est bon de redire parfois: 

“L’emploi de la farine de betterave & sucre peut, en agricul- 
ture, se rdpandre facilement et rapidement surtout en Angleterre; 
ce n’est pas que le b4tail seul qui peut l’utiliser avec grand 
avantage; en brasserie, en distillerie, (j’ajouterai aujourd’hui en 
sucreric) elle aurait son r61e tout indiqu4, en ce pays surtout ou 
l’emploi du sucre en brasserie a pris un merveilleux essor; elle 
peut 4galement s’ employer dans la confection des pains sucr4s 
(3 & 5% de Beetmeal) ainsi que le President de 1’ Association des 
c himi stes de sucrerie et de Distillerie de France, Monsieur 
Dupont, en recommandait la fabrication (pour le pain des 
troupes et de la marine), tout comme dans vos nombreux cakes 
et puddings. J’ajouterai qu’en brasserie la farine sucr4e de 
betterave ne communique aucun mauvais go lit it la biere et que 
la dr4che dans laquelle se retrouve la pulpe de betterave est 
notablement boni£4e. Divers brasseurs beiges s’en servent avec 
suoc&s et s’en trouvent fort bien. 

Le cadre de cette petite 6tude est trop restreint pour lui 
donner plus d’4tendue & la question; tout le monde ici connait 
le r61e physiologique du sucre dans 1’ alimentation humaine; 
aussi terminerai-je la pr4sente communication en vous disant: 
Par tous les moyens qui sont en votre pouvoir, r4pandez le sucre 
dans votre alimentation et dans celle du cheptel de tous les 
agticulteurs et, pour ce faire, produisez le aussi bon march4 que 
possible it vingt francs les 100 Kgs. comme il peut 6tre produit 
par la farine de betterave it sucre. 




LA DESSICCATION DES PRODUCTS VfiGfiTAUX ET 
DES SOUS PRODUITS INDUSTRIELS 
STMPOSE-T-ELLE? 

A* A u LARD 
Bruxelles, Belgium 

Au VII® Congr&s international de Chimie appliqu6e, qui se 
tint & Londres en 1909, je fis diverses communications sur la 
dessiccation des produits v4g4taux et des produits r6siduaires 
industriels, tels que les pulpes de sucrerie, les drech.es de bras- 
serie et de distillerie etc ; tous produits r4siduaires trop 
aqueux, fermentescibles, s’alt£rant rapidement et profond4ment 
& Fair. Je constate avec plaisir que certains pays comme l’Alle- 
magne, Autriche, l’ltalie, la Russie se sont mis r6solument k 
la dessiccation, mais avec regret, que trop de pays encore parmi 
les plus riches et les plus industriels, n’en comprennent pas 
tous les bienfaits. 

C’est aussi de la chimie appliqu6e et de la bonne que celle-qui 
consiste & ne pas laisser s’alt4rer, k ne pas laisser se d4truire 
ce que la nature a cr 66 surtout lorsqu’on le peut 4conomique- 
ment en utilisant les gaz des cameaux k la dessiccation des pro- 
duits v6g6taux et rfeiduaires de sucrerie, distillerie, brasserie 
etc.; gaz qui sont employes rationnellement et avec plein succ6s 
en Italie, en France et en Russie, dans les nombreuses usines 
qui ont suivi l’impulsion donn4e par mes Merits. Ne rien perdre 
c’est encore cr4er; c’est apporter sa quote part au bien 6tre g6n4- 
ral; c’est h quoi tendent tous mes efforts. De nos jours nous 
perdons encore trop de matures nutritives, feuilles de betteraves, 
de poxnmes de terre, de chicories etc ... , nous gaspillons 
nos ressources et nos richesses alimentaires en prodigues incon- 
soients; ne dispersons nous par aux quatre vents tout l’or renfermi 
dans les calories des gaz des carneaux des g4n4rateurs dont nos 
industries se servent? 

L’industrie surcri&re betteravi&re mondiale, emploie les pr4- 
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cieuses racines sucr4es rdcoltdes sur environ 2.150.000 hectares 
k 25.000 Kgs de r4colte en moyenne par hectare; elles travaillent 
done annuellement 55.000.000 de tonnes de betteraves. La 
consommation moyenne en houille, dans les sucreries, s^lfeve 
k 90 kgs k la tonne de betteraves, les unes un peu plus les autres 
un peu moins, soit 4.950.000 tonnes de combustibles, susceptibles 
de d4velopper en moyenne, en admettant tout charbon k 7.500 
calories, 37.125 billions de calories dont le quart sera entraind 
aux cameaux et inutilis4; soit 9.281 billions 250 millions de 
calories qui seraient susceptibles d’6vaporer pratiquement (en 
dessiccateur Huillard, r4cup6rant les gaz chauds) un Kg d’eau 
par 600 calories perdues, soit 15.468.750 metres cubes d’eau, 
ce qui correspond k la fabrication de 185.254.491 Kgs de puipe 
s&che k 90% d’extrait sec, e’est k dire k la dessiccation gratuite 
de toutes les pulpes k provenir de 120.000 hectares de betteraves, 
les emblavements de la Belgique et de la Hollands r4unies. 

En calculant le combustible k 17.50 frs. la tonne, rendue k 
la sucrerie (ce qui est plutdt un minimum qu’un maximum) 
notre industrie sucri&re de betterave, envois annuellement dans 
les airs, en respace de moins de trois mois, pour 21.656.250 frs. 
de calories, dont les 85% pourraient 4tre r4cup6rables et utilises 
k la dessiccation de la puipe de diffusion des betteraves; ce pro- 
duit mis en silos, se d4t4riore rapidement, perd jusqu’& un tiers 
de sa valeur et peut m&ne nuire, eonsid&rablement k la sant4 
des bestiaux qui le consomment, comme Font ddmontre divers 
expdrimentateurs, entre autres M. C, Moussu dans son 4tude 
intitu!4e tl sur les maladies des pulpes II s ? exprime ainsi qu’il 
suit: “II a 4t4 d4montr6 de fagon formelle que les liquides qui 
s’dcoulent des pulpes ferment4es et alt6r4es sont toxiques mfane 
aprks sterilisation et filtration sur bougie de porcelaine; rien d’6ton~ 
nant d&s lors que les pulpes entiires deviennent toxiques apr&s 
leur absorption digestive.” 

Je ne reviendrai pas plus longuemet sur ce que j’ai dit k ce 
sujet au Congr&s de Londres et sur ce que je ne cesse de redire 
depuis longtemps. II est heureux que les bestiaux ne peuvent 
protester, sans quoi ils seraient unanim4s k nous faire com- 
prendre Tillogisme de notre conduite. 

Nous perdons b4n4volement, comme de j’ai ddmontrd an- 



Congress of Applied Chemistry 


487 


xxv] 


t4rieurement, en hydrates de carbone detruits en calories non 
utilisfies, en transports on6reux et inutiles d’eau, un gros million 
de francs joumellement, ce pour l’industrie sucri^re seule; mais 
que ne perd-t-on pas en distillerie de grains, de betteraves, en 
brasserie, en axnidonnerie etc. . . . usines fonctionnant toute 
l’ann4e? Croyez-moi, c’est k nous chimistes, qui avons pu nous 
rendre compte de tous les ph4nom£nes du s4chage, de 1’excellence 
de la bonne conservation des produits ayant subit une dessic- 
cation & base temperature, comme dans les appareils Huillard 
auxquels vont toutes mes preferences, preferences basees sur 
la pratique industrielle, ces dessiccateurs utilisant des gaz perdus 
et les admettant dilues d’air sec & 120° de temperature pour 
les rejeter satures d’eau & 40° cent; c’est k nous, dis-je d’en- 
seigner sans cesse k mieux faire. Une fois de plus j’aurais pu 
apporter en ce Congr£s international de chimie appliquee de 
nombreuses analyses confirmant mes assertions, mais comme 
elles n’auraient fait que confirmer les multiples essais de certains 
de mes collogues mes analyses precedentes et les travaux tr6s 
judicieux de Buttner sur le s4chage en agriculture etc. . . ., 
j’ai jug 4 que mieux valait frapper votre esprit par de gros chiffres 
irr&futables et contr61ables; peut-etre vous engageront-ils k 
unir vos efforts aux miens afin de parvenir a vaincre la routine 
industrielle et k faire admettre la dessiccation au moins pour 
les produits v4g6taux et r4sidus industriels p6rissables, quel- 
que soit le mode de dessiccation employe ; Alph. Huillard, Btittner 
et Meyers, Gummer, Mackensen, Imperial de Harzen Werke, 
Sperber, Petry-Heeking, Sauberlich, Wiistenhagen, Kuthe, Kna- 
uer etc.; quels qu’ils soient, ils feront faire un 4norme progrfe aux 
industries que nous servons et ne cessons de conseiller; ils co- 
op^reront k 1’ amelioration de la nouriture de nos bestiaux tout 
en les bonifiant consid6rablement. C’est pourquoi, Messieurs, 
nous pouvons conclure de fagon affirmative et repondre que 
la dessiccation des produits v£g£taux et des sous-produits in- 
dustriels s’impose, parce qu’elle est hygienique, 4conomique et 
r4muneratrice. 





L’EMPLOI DE LA CELLULOSE (PATE A PAPIER) 
COMME PRODUIT FILTRANT DANS LTNDUS- 
TRIE SUCRlERE ET AUTRES 

A* A U LARD 

Bruxelles , Belgium 

Pour la filtration des jus et sirops, Findustrie a employe bien 
des produits depuis le noir animal, qui lui, au moins, avait une 
action physique bien d4termin6e; il absorbait une certaine 
quantity de sels, de mati&res organiques, et decolorait profond6- 
ment les jus et sirops. II est vrai que pour eviter une grosse 
perte en sucre, le noir lave au moyen d ; une quantity d'eau assez 
considerable restituait en un produit dilu4 la presque totality 
des sels et mati&res organiques absorbes. II fallait concentrer les 
petits jus de lavage qui constituaient un produit secondaire, d’ou 
complication que les filtres m6caniques sont venus heureusement 
supprimer. 

Les filtres m^caniques qui eurent comme pr£conisateur, un 
Beige tr&s perseverant, Monsieur Oscar Puvrez (1878) furent tous 
bases sur Femploi de tissus de coton plus ou moins serres, plus ou 
moins spongieux. Aux toiles en chanvre ou en coton qui sub- 
sisted toujours, on s’ est efforce de substituer Feponge, le feutre 
Famiante, etc. ... les filtres k coke, gravier, brique pU4e, 
noir artificiel, laine de bois, crin vegetal et divers autres produits 
et, comme support spongieux enrobant les precipites tenus et 
facilitant la filtration des produits colloxdaux, le Koiselghur, 
farine fossile. 

Les divers filtres k sable dont je preconisais Femploi au pre- 
cedent Congr£s international de ehimie appliquee qui se tint 
k Londres, n’ont rien perdu de leur reelle valeur, mais ils ont vu 
surgir Femploi d’un produit plus maniable, plus facilement 
lavable encore que le sable; la pdte d papier ou cellulose brute . 
II y a longtemps qu’on songeait k employer dans Findustrie le 
papier k filtrer qui, dans nos laboratoires, sous forme de filtre 
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plissd, nous a toujours donn6 toute satisfaction et limpidity 
parfaite, quelle que soit la nature du pr6cipit6; mais Pentonnoir 
servant de support k la mati&re filtrante, si je puis m 7 exprimer 
ainsi, n 7 dtait pas encore trouvd Monsieur H. P6rin, adminis- 
trates d616gu6 des sucreries-raffinerie de Chalon-sur-S&one 
(France) s 7 en est charge et, depuis que son fiiltre tr6s pratique et 
peu eneombrant, garni de p&te de cellulose fonctionne, il a su 
donner au produit sucrd une limpidity que la toile ne saurait 
rendre. 

Je ne d6crirai pas le filtre Perrin en cette courte 6tude; j 7 en ai 
donn6 une description complete dans les communications que je 
fis k la Sodete technique et chimique de sucrerie de Belgique, (mars 
1912), dont l’organe est la Sucrerie Beige r6dig6e par notre 
Eminent et savant collogue M. F. Sachs, qui, a regret, ne peut 
participer It ce Congr&s. 

Je veux toutefois attirer votre attention, sur les points suivants 
qui militent en faveur de Pemploi de la p&te de cellulose dans 
notre industrie (sucrerie, raffinerie, glucoserie, fabrication des 
liqueurs etc. . . . ) Quelle que soit Texcellence de tissage de la 
toile employee k la filtration m^canique, cette toile est compos6e 
de chaines et de trames; les fils composant la chaine subissent des 
manipulations et un encollage qui augmentent leur solidity et 
facilitent leur glissage; les fils de trame sont trails diffdrement 
et mouiltes; c 7 est pourquoi, quelque soit le tissu obtcnu, l 7 &me des 
fils de chaine n’est pas la m£me que celle des fils de trame et les 
tissus ne sauraient 6tre homog&nes. Les interstices existent, 
aussi petits soient-ils et prdsentent une succession de parties 
faibles, attendu que les fils de chaine ne sont que presses plus ou 
moins fort les uns contre les autres et maintenus par les fils de 
trame, tant6t au-dessus, tant6t au-dessous et moins serr6s encore 
les uns contre les autres que les fils de chaine; c 7 est pourquoi dans 
tous d6but de filtration sur toile, quelle qu’elle soit, chanvre ou 
coten, le liquide passe toujours trouble durant un temps plus ou 
moins long, ce qui n'existe pas sur un filtre pr6par6 It la p&te de 
cellulose. La filtration des jus et sirops se faisant sous la plus 
faible pression possible, sur une plaque de cellulose de 20 k 50 
mm. d^paisseur, pr&ente en toutes ses parties une homog£a6it6 
parfaite; la filtration ne saurait done donner que des produits 
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absolument limpides, si limpides mime qu’une eau bleutle au 
moyen de bleu d’Outremer trls fin, filtrera incolore sur une couche 
de cellulose de 10 mm. d’lpaisseur; cette mime eau artificielle- 
ment colorle filtrera bleue durant assez longtemps sur filtre 
garni de toile trls serrle en coton et elle demandera une Ipaisseur 
de sable de 20 centiml tres pour filtrer incolore et encore, pas dls 
le dlbut de la filtration comme sur la cellulose. 

Le pouvoir filtrant de la cellulose est done fort grand, comme 
l’a dlmontrl le Dr. Hazewinkel, dans son remarquable et long 
rapport sur Ies essais effectuls & Wonopringgo (Java). Trois 
carres six dixi&mes de surface filtrante gamie de p&te & papier, 
remplaclrent cinq filtres Dehne qui ordinairement filtrent le jus 
concentrl non sulfitl; le dibit du filtre Perrin fut de 52 Hect. par 
heure, soit 1248 beet, de sirop, & plus de 30° Baume en moyenne, 
par 24 heures de fonctionnement ininterrompu. 

C’est 1& un rlsultat remarquable que la pratique a confirm!; 
e’est pourquoi j’appelle votre attention sur l’emploi de la p&te de 
cellulose pour toutes les filtrations industrielles qui exigent des 
produits d’une limpiditl absolue. 




QUELLE QUE SOIT LA TEMPERATURE (90 A 150° CEN- 

TIGRADES) A LAQUELLE ON SOUMET LES SOLU- 
TIONS DE SACCHAROSE DE GLUCOSE, DE 
MALTOSE, ETC., PURES OU IMPURES, CES 
HYDRATES DE CARBONES PEUVENT 
ILS SE TRANSFORMER EN CARA- 
MEL, OU L’UN DE SES DE- 
RIVES, EN MILIEU HUMIDE 
A L’ABRI DE L’AIR? 

A. Atj la rd 
Bruxelles, Belgium 

Le titre du present mEmoire ainsi posE, la solution h lui donner 
serait simple et laconique; tout chimiste, ignorant les finesses de 
l’art sucrier et les controverses auxquelles ees finesses donnent 
lieu, n’hEsiterait par E rEpondre catEgoriquement, qu’en milieu 
humide, sans d&shydratation possible de la saccharose, aucune 
formation de caramel ou de ses derives ne saurait se crEer et que 
dut-on faire bouillir & 150° durant une heure la saccharose pure 
en dissolution concentrEe, le niveau de la solution restant arti- 
ficiellement constant, il ne saurait se crEer de caramel ni aucun 
de ses dErivEs ; se qui plus est, la solution concentrEe mEme E 
1330 de density, resterait parfaitement incolore ou de mEme 
coloration qu’avant Ebullition et concentration. II faut une 
Ebullition prolongEe de plusieurs jours pour que la simple Ebullition 
du sucre dans l’eau donne une certaine inversion de la saccharose; 
elle est progressive et peut mime devenir complete suivant la 
formule— C 12 H ia 0 u +H !! 0 = C 6 H l2 0 6 +C 6 0 li! 0 8 , partie Egale de 
glucose et de lEvulose. 

Dans l’industrie sucriEre on emploie trop souvent le mot 
caramel pour dEsigner des substances chromogEnes diverses qui 
peuvent se dEvelopper durant les diffErentes phases et dans 
certaines conditions dEfavorables du travail; on ne doit pas 
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oublier qu’en sucrerie plus qu’en raffinerie on opdre sur des 
produits de puretes variables, les impuretes, etant constitutes 
par des sels k base de potasse et de soude et des produits organ- 
iques excessivement complexes, produits qui peuvent rtagir sur 
la sac char ose et m£me entre eux, mais qui ne sauraient crter de 
caramel ou l’un quelconque de ses derives dans les conditions 
d’un travail rationnel. 

Au laboratoire des raffineries de Saint Louis it Marseille, il y a 
nombre d’anntes dtjS, sous Pimpulsion de M. Maurice Desbief, 
je me suis livrt it de patientes recherches, tant sur les produits 
de raffinerie que sur ceux des sucreries de Laudun l’Ardoise et 
d’Orange, au sujet de la formation des produits colorts en cours 
d’tvaporation ou de cuisson des divers produits sucres; aussi 
suis-je devenu excessivement sceptique sur la facility avec laquelle 
beaucoup de mes honorables collogues dtcouvrent du caramel ou 
enregistrent des destructions de sucre durant l’tvaporation en 
prttvaporateur Kestner, Pauly ou autre. Je suis devenu encore 
plus incrtdule aprts avoir lu le remarquable travail de M. Jean 
Krutwig, professeur & I’Universitt de Liege, qui con&me mes 
essais particuliers; ce travail est intitule: “Sur la cause de la form- 
ation des soi-disant matures colorantes dans les jus de sucrerie. 
(Premier Congrts intemationnal technique et chimique de 
sucrerie et de distillerie, Litge 5-10 Juillet 1905). Monsieur 
Krutwig tcrit: “nous avons chaufft des solutions de sucre sac- 
charose it 85° cent, pendant 6 heures, dans des vases en verre, 
en metal et, en presence de lamelles de zinc, de cuivre et de fer. 

“Aucune coloration ne s’est manifesto. II n'en est plus de 
m&me lorsqu’on ajoute au liquide quelques centimes de bases 
alcalines ou alcalino-terreuses. Une coloration jaune apparait 
au bout d'un temps relativement court et le liquide devient de 
plus en plus fonce si on l’additionne pr4alablement de 14vulose 
ou de dextrose.” 

Si l’on consulte les auteurs qui ont 4tudi4 sp4cialement le 
caramel et ses derives, (Peiigot, Gillis, J. J. Pohl, Volckel, Mau- 
mend, Herzfeld, Stolle etc. . . . ) on voit qu’il faut enlever it 
la saccharose au moins deux molecules d’eau pour y parvenir il 
faut chauffer le sucre sec k une temperature d’au moins 190° 
cent, temperature jamais atteinte dans notre industrie (Volckel 
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dit 210-220° et Stolle dit : “Ton voit done par ce qui pr4c£de que la 
formation du caramel se produit par un chauffage k temperature 
constant© 170 et 180° cent, simplement par perte d’eau). D’apr&s 
M. Gilis qui dans son m6moire k Facad6mie des Sciences T. XIV 
page 590 (1857) d£crit savamment les diverses reactions des 
trois substances carameline, caral&ne et carameline qui compos- 
ent le caramel, le premier de ces corps se creerait k 190° centi. 
suivant la reaction: 

C^HW 1 = 2 H 2 0 + CPH^O 9 

le deuxi&me 3 C 12 H 22 O 11 = 8H 2 O+C 86 H 50 O 25 

le troisteme 8 C l2 H 22 O u = 37H 2 O+C 96 H 102 O 51 

On pourrait meme ajoute-t-il “en graduant eonvenablement 
la temperature, obtenir ces trois produits d’une manure suc- 
cessive; ainsi le sucre expose k 190° cent, jusqu’il ce qu’il ait 
perdu 10% d’eau se transformerait en caramelane k peu pr&s 
pure. AprSs avoir subi Faction de la m6me temperature au 
point d’avoir perdu 14 ou 15% d’eau, il laisserait au contraire, 
un residue riche en caramelane et enfin apr£s une perte de 20% 
d’eau, il est totalement converti en carameline. Les produits 
qui resultent de Faction de la chaleur sur la glucose ressemblent 
beaueoup aux precedents mais ne sont pas identiques avec eux.” 

J'ai tenu k citer succintement les travaux trop oublies d*un 
savant, afin d’6tayer mon argumentation en faveur de la these 
que je defends depuis longtemps: que la surchauffe temporaire et 
rapide des jus , sirops et masses cuites n’est pas necessairement et 
inmanquablement destructive de saccharose ; j’ajouterai meme que 
contrairement k ce qu’6crivait notre savant et consciencieux 
collogue M. Fr. Stolle dans son memoire: “Sa nature chimique 
des produits de surchauffe des sucres” au 5 e Congr&s international 
de chimie appliquee, (Berlin 2-9 Juin 1903) que le plus grand ami 
des solutions sucries est sans contredit la chaleur judideusement 
employee qui eioigne d’elles tous les germes fermentescibles, tous 
les micro-organismes qui ne demandent qu’& s’en emparer; le 
tout est de savoir s’en servir mime k 130° 140° cent. Monsieur 
Fr. Stolle 6crit: u le plus grand enemi du sucre est sans contredit la 
chaleur. Nous savons que dans les phases de la fabrication ou 
le sucre est expos4 pendant longtemps d des temperatures elevfas 
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il subit des transformations et changements plus ou moins visibles, 
reconnaissables k l’odeur, au go tit et ft 1’oeil.” Je ne puis admettre 
sa maniere de voir. 

De nos jours, avec les moyens dconomiques et pratiques de 
chauffage des jus en rdchauffeurs 4 multiples circulations, en 
b fl.nni ssfl.nt, tout ce qui peut dtre chauffage par serpentins consd- 
quememment par propagation moldculaire Iente des calories dans 
des masses dormantes, en un mot, en faisant tou jours circuler 
au maximum de vitesse possible, jus, sirop et masse cuite dans 
des faisceaux tubulaires divisant & l’infini les points de propagation 
des calories comme dans les appareils tubulaires Kestner 4 
grimpage ou descendage; il n’y a plus & craindre comme au temps 
jadis, la decomposition du sucre par stagnation sur des serpentins 
surchauffds au moyen de vapeur h cinq voire me me huit atmos- 
pheres, serpentins qui souvent sont partiellement ddcouverts 
de sirop, ce qui permet la deshydratation de la saccharose et la 
formation du caramel ou de ses ddrivds. 

Certes en raffinerie et en sucrerie on a crdd de plus ou moins 
fortes quantitds de se corps complexe et excessivement colorant; 
certains usines mal outillees, mal dirigdes, en crdent et en crderont 
encore longtemps, mais j’insiste tout particulidrement sur ce que 
l’on peut ne pas ddvelopper de caramel et sur le travail qui se 
pratique & Marseille aux raffineries de Saint Louis, k Tirlement ft 
la raffinerie Tirlemontoise, k Marcq en Baroeul k la raffinerie 
l’Abeille. Dans les deux premieres usines, si l’on prend la 
moyenne du sirop de raffinade k cuire, sirop incolore et cristallin 
k 99.60 de puretd, ne rdactionnant pas k la liqueur de Soldalni 
et que 1’on dilue la masse cuite obtenue par cuisson rapidc de ce 
sirop, on voit que cette dilution de densitd dgale au sirop primitif, 
aura la mdme coloration et la mdme composition chimique. Il 
ne peut done y avoir par la cuisson de produits purs, aucune 
decomposition du sucre, voire mdme en produits n’ayant comme 
ceux de la raffinerie de Marcq que 98.20 de puretd, sirop dc raffin- 
ade renfermant de 0.100 k 0.160 de glucose %. La composition 
de la mdlasse de cette usine, qui travaille par un proeddd de raffi- 
nage qui m’est personnel, ne ndeessitant pas un atome de noir en 
grain ni de noir en poudre est la suivante: 
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" sucre par polarisation 

46.40 

Extrait sec correspondent 

glucose, liqu. Felhing 

0.94 

78 

Densitl picnomltrique 

centres, ine. sulfu. 

10.76 

1399 

Matilre organiques 
par difference 

19.90 

Quotient de puret6 des divers sucres 

60.69 

Quotient de puretl du sucre 

par polarisation 

59.48 

Coefficient salin 


4.31 

Coefficient organique 


2.33 

Cendres % de sucre (polarisation) 

23.19 

Matilres organiques % de sucre 

42.88 

Glucose % de sucre 


2.03 


Reaction alcaline au papier de tournesol sensible et neutre au 
phlnolphtalline. 

Cette mllasse de composition normale dans ses proportions 
entre les divers corps qui la composent, correspond m&thlmatique- 
ment aux divers sucres bruts mis en oeuvre. 

A la raffinerie de l’Abeille on travaille de 12 & 15% de sucre 
cristallisl par rapport aux divers sucres roux, & environ 90° de 
titrage qu’on y traite par lessivage Langen. Si l'on prend en 
charge tous les Ifements autres que le sucre qui entre en fabrica- 
tion, sels, glucose, matilre organiques, h peu de chose prls, on 
retrouve mensuellement dans un produit final dlnomml mllasse, 
tous ces Ifements dans les mimes proportions oil ils Itaient ren- 
fermcs dans les sucres; je me demande alors oh se trouvent, en 
raffinerie bien et judicieusement conduite, les decompositions de 
sucre par surchauffage, cuisson et recuisson des produits, fermen- 
tation, double decomposition, comme tend & le faire croire le 
mSmoire de Monsieur le professeur docteur E. von Lippman 
(Halle S. Saale au Ve Congrls de chimie appliquee de Berlin). 
Dans ce memoire intitule, “les pertes de sucre en raffinage, ce 
savant ecrit:” “quelle explication peut-on donner en I’occur- 
ence, de la disparition apparenta de ces 0.300 pour cent de sucre? 
& mon avis, une seule est possible, savoir: les destructions pendant 
la cuite ne se boment pas & transformer le sucre en matilres 
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non sucre, stables, qui restent dans les sirops et masse cuite, mais 
le non sucre qui se trouve dans les solutions est ddcomposd d son 
tour, en formant des quantity sensibles de combinaisons volatiles 
et gazeuses qui s’dchappent dans les vapeurs ammoniacales et 
les eaux de condensation.” 

C’est pourquoi les raffineurs aussi avancds que les Desbief, 
Beauduin, Raeymaeckers, Bergd etc. . . . ont compris 
qu’en tdte du travail de raffinerie il fallait un produit aussi pur, 
aussi cristalin que possible, ne pouvant donner de reactions 
secondaires, la saccharose pure se protdgeant elle-m£me contre 
toute atteinte de la surchauffe, aussi longtemps qu’il n’y a pas de 
deshydratation de sucre; il ne saurait y en avoir, attendu qu’il y 
a de l’eau d’interposition et non de combinaison & dvaporer; 
c’est pourquoi les experiences du professeur A. Herzfeld relatdes 
par le professeur von Lippman, se rapprocheront plus de ce qui se 
passe industriellement dans les raffineries utilisant tous faisceaux 
tubulaires pour chauffage, concentration, cuisson et recuisson de 
produits, que ce qui s’y passait il y a dix ou vingt ans, ou ce qui 
se passe encore dans les raffineries qui n’ont pas dvolud. Mon- 
sieur von Lippman en se basant sur les recherches nombreuses 
qu’il fit, disait: “ je suis arrivd a la conclusion que les decomposi- 
tions en question ont lieu k la cuite. Ces conclusions ont 4td, tant 
que je sache, reconnues depuis gdndralement comme exactes. 
Si parfois en a essayd d’en douter, en se basant sur les essais de 
Herzfeld, c'est k tort, d’abord parce que les essais d’Herzfeld 
n’avaient nullement pour but de poursuivre les modifications de 
clairces & si haute concentration et puis, parce que ces essais ont 
dfcd faits au moyen d’autoclaves chauflds dans un bain d’huile; 
et comme Herzfeld l’a dit plus tard, dans ce cas les decompo- 
sitions peuvent dtre jusqu’a dix fois moindres qu’en cuisant avec 
de la vapeur & 130° par exemple.” 

J’ai tenu k citer ces quelques phrases, car il est certain que les 
essais du docteur Herzfeld avaient fortifid ma conviction que la 
destruction du sucre it la cuite dtait fonction de bien des condi- 
tions mauvaises qu’on pouvait pratiquement dviter, ce que je 
me suis toujours efforcd de faire et, je dois le dire, avec un plein 
succds; car je ne crains pas en cuisson rapide, dans un appareil 
Kestner continu, d’employer de la vapeur it 5 atmospheres, con- 
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s4quemment k 158° cent; il est vrai que la clairce k cuire ne fait 
que passer, 4tant au point de cuite en quelques secondes, ce qni 
demande de 40 k 60 minutes dans une cuite tubulaire ordinaire 
et deux, trois, quatre heures pour parvenir au m&ne r6sultat 
avec de la vapeur de d4charge k 5 dixi4mes d’ atmosphere. Toute 
cuite de raffing doit 4tre aussi rapide que possible et alors, quelle 
que soit la vapeur employee, dans le faisceau tubulaire, de 0.5 
k 5 atmospheres, le produit pur, cuit sous un vide de 60 k 62 
centimetres, r4chau££4 avant coulage k 90 k 95°, ne saurait ren- 
fermer de caramel ou Fun de ses d4riv4s, pas plus que ce m£me 
produit cuit en marche continue sous pression de 2 atmospheres, 
soit 133° cent. Toutefois, dans certaines circonstances, la masse 
cuite pourra renfermer des produits de la nature de la dextrine; 
je serais assez enclin k me rallier, industriellement s’entend aux 
conclusions tr4s acceptables de M. le docteur Stolle qui 4crit: 
“j’esp4re toutefois avoir d4montr4 que la caramelisation en travail 
normal n’est pas aussi forte qu’on le supposait jusqu’ici; de 
plus, Faction d’une temperature 41ev4e a pour effet d’augmenter 
plut6t la teneur en produits de la nature de la dextrine. Les 
pertes dues aux composes du caramel sont tr4s petites quand une 
bonne circulation de la masse cuite dans Fappareil k cuire ne 
permet pas k la masse de sucre d’etre longtemps en contact avec les 
serpentins de vapour.’’ 

Vous remarquerez que M. Stolle parait encore en 1903 de 
serpentins de vapeur et que, dans mon 4tude, et depuis longtemps, 
je conseille mon ’seulement la cuite tubulaire sous vide ou sous 
pression, mais encore tous les chauffages et concentrations en 
faisceau tubulaire Kestner ou autre, jus et sirop 4tant k Fabri 
de Fair; alors, mais seulement alors, le caramel aura radicalement 
disparu de l’industrie sucri&re autant en raffinerie qu’en sucrerie 
de betterave ou de canne. Dans une communication ult4rieure, 
j’indiquerai les moyens d’ 4 viter en sucrerie que les matures 
salines organiques autres que le sucre, ne viennent colorer les 
produits. 

A la sucrerie centrale d’Escaudoeuvres (France) oil on utilise 
le proc4d4 si rationnel et si simple de sulficarbonatation de J. 
Weisberg, les masses cuites dilu4es a la densit4 du jus avant 
4vaporation, sont plus d4color4es que ces jus et les cristallis4s 
de sucrerie sont superbes. 




QUELQUES PARTICULARITfiS NOUVELLES SUE 
L’EMPLOI DE L’ ANHYDRIDE SULFUREUX ET 
DES HYDROSULFITES DANS LTNDUSTRIE 
SUCRIERE 

A. Aulaed 
Bruxelles, Belgium 

Avant d’aborder le sujet de ma communication, permettez- 
moi un retour sur le pass£. 

En relisant ce qu’6crivaient nos devanciers, ce que je fais 
souvent et toujours avec fruit, il m’a fallu bien des fois reconnaltre 
que nos “soi-disant” d4couvertes chimiques et bien des perfec- 
tionnements techniques ne provenaient que de l’ignorance dans 
laquelle nous 4tions de ce qu’avaient 4crit et m6me fait breveter 
nos ain4s. 

(La somme des brevets vieux neufs devient vraiment par trop 
considerable.) 

Si on relit les travaux de Proust, qui datent de plus de cent ans! 
dans le Journal de Physique de Paris de 1810, ceux de Drapiez, 
en 1811, Perpdre 1812 et surtout si on lit attentivement les brevets 
de Dubrunfaut en 1829, celui de Stolid en 1839 et celui si clair, 
si net de Melsens, professeur de chimie & Bruxelles, du 26 Juillet 
1849 (n° 8560), on ne peut s’empdcher de se dire que rien de nouv- 
eau n’a m fait en sucrerie-raffinerie au sujet de l’emploi de SO 2 
gazeux, ni des bisulfites, hydrosulfites, aux noms dtranges d’au- 
jourd’hui, BlanMte, Redo, etc. . . Un fait nouveau seul se 
ddgage du mode d’emploi de SOa provenant de la combustion du 
soufre ou de l’anhydrid sulfureux Uqudfid et ce proc6d£ sur lequel 
j’ai fait au VII" Congrds international de chimie appliqude de 
Londxes, une communication trds documents, nous fut enseignd 
par notre savant coll&gue J. Weisberg, dans son '“Etude pratique 
sur l’emploi de l’acide sulfureux dans l’industrie sucridre” (Bulle- 
tin de l’Ass. des C himis tes de Sucrerie et Distillerie de France et 
des Colonies — ann4es 1903-1904). 
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En commentant et en justifiant soa brevet de 1849, feu le 
professeur Melseaa, duquel ea ce Congr&s de chimie appliqu4e 
j’aime & rappeler les 4minents travaux, d’autant plus que nous 
sommes compatriotes, s’exprimait ainsi qu’il suit: 

“A la propri4t6 antiseptique, & la facult4 d’absorber le gaz 
oxyg4ae de l’air, les bisulfites de chaux, de baryte, de strontiaae, 
de soude, etc. joigaeat eacore les caractfcres d’4aergiques d4f4- 
quaats. 

"Le bisulfite de chaux d4colore instaatan4ment et assez com- 
pletement les matures color4es qui existent toutes form4es dans 
la canne et la betterave; il pr4vient la formation des matures 
color4es que l’air produit par son contact avec les pulpes; il 
emp iche egalement la production de celles qui naissent pendant 
Evaporation et surtout de celles qui exigent pour se former le 
concours de l’air et d’un alcali libre. 

“Ainsi les bisulfites peuvent etre utilis6s dans les op4rations qui 
ont pour objet l’extraction du sucre de la canne, de la betterave, 
du mais, etc. Le bisulfite de chaux, par exemple agit: 

“l°.-comme corps antiseptique par excellence, pr4venant la 
production et 1’ action de tout ferment; 

“2°. — comme corps avide d’oxyg4ne, capable d’emp6cher les 
alt4rations que sa pr4sence fait naitre dans les jus. 

“3°. — comme corps d4f4quant, qui, & 100°, clarifie les jus et 
les d4barrasse de toutes les matures albumineuses ou coagulables. 

“4°. — comme corps d4colorant pour les couleurs pr4existantes. 

“5 °. — comme corps anti-colorant capable au plus haut degrS de 
s’opposer d la formation des matures colories. 

“6°. — comme corps capable de neutraliser tous les acides 
nuisibles qui pourraient exister ou naitre dans les jus, en leur 
substituant un acide presque inerte: I’adde sulfureux.” 

Depuis Melsens, et il y a 73 ans de cela! nous ergotons, nous 
pr4sentons sous de nouvelles faces et phrases ce qu’il a si bien 
d4fini; mais nous n’avons rien fait de mieux que ce qu’il indiquait; 
lamentablement, nous avons marqu4 le pas ou plutdt r4trograd4 
dans l’emploi judicieux de S0 2 . On s’4tonne que malgr4 les 
volumes publi4s sur l’emploi de l’anhydride sulfureux dans l’in- 
dustrie sucri4re (j’en ai publi4 deux, 1897 et 1899, au sujet d’un 
concours organis4 par le Syndicat des fabricants de sucre de 
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France 1 , il y ait encore des sucreries qui ne Femploient pas ou 
qui Futilisent si mal qu’elles feraient mieux de ne pas s'en servir. 

Lorsque Ton suit bien toutes les prescriptions de la sulfi-car- 
bonatation de J. Weisberg, comme le font les sucreries de Saint 
Trond (Belgique), d’Escaudoeuvre, de Beauchamp, de Masny 
(France), etc. on obtient des r4sultats de decoloration et de 
fluidity des produits tels, que Femploi des adjuvants, blankite, 
Redo, bisulfite, hydrosulfite, etc. sont dbsolument inutiles: je Fai 
dit maintes fois d4jSt, mais ne saurais trop le redire; si l ? on veut 
que dans Femploi de S0 2 Iiqu4fi6, tout Fanhydride sulfureux 
gazeux k 99% de puret4 soit utilise, il f aut comme k Escaudoevure, 
k Saint Trond, etc., employer un sulfiteur continu, tr£s simple, 
permettant Funtilisation complete de S0 2 . M’appliquant tout 
specialement k la propagation d'un travail normal economique et 
rationnel en sucrerie et raffinerie, j J ai ete conduit pour utiliser S0 2 
au maximum, de chercher un appareil continu fort simple, r4ali- 
sant tous les desiderata; apr£s divers t&tonnements, j ? y suis 
hereusement parvenu et aujourd’hui une sucrerie qui travaille 
500 tonnes de betteraves par 24 heures et qui utilise S0 2 liquefie, 
rFa besoin que d’un sulfiteur continu de mon invention, cotitant 
approximativement mille francs. Si la meme usine employait 
S0 2 provenant de la combustion du soufre, deux appareils repos- 
ant sur le m&ne principe, mais d’un diamfctre plus grand, seraient 
n4cessaires. Lorsqu’on a pratique comme moi la sulficarbona- 
tation J. Weisberg dans diverses usines et, Fan dernier, avec des 
betteraves aussi anormales que celles dues & la s4cheresse, on 
reste stup4fait du peu d’empressement que mettent les industriels 
k utiliser un proc4d<$ pouvant s’appliquer en toutes circonstances 
et avec grand profit sur les jus limpides de premi&re carbonatation. 
Ce mode d'emploi permet de laisser en deuxi&me carbonatation 
une alcalinit4 fixe, stable et d’avoir toujours k F6vaporation des 
produits franchement alcalins, alcalinite qui, quelle que soit la 
betterave mise en oeuvre, ne retrograde pas. C’est aussi le mode 
de sulfitation qui 41imine le maximum d’organates calciques; 
c’est ainsi que Fan dernier, dans une grande sucrerie frangaise, 
le jus filtr4 de deuxifeme carbonatation ne renfermait en moyenne 
pour toute la campagne que 0,0041 de CaO par 100 cc et le sirop 

1 42, Rue du Louvre, Paris. 
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& 30-32° Baum4, 0,017 de CaO%. Au sujet de ce travail, M. 
1’ Ing4nieur Paul Marcus, s’emprimait ainsi qu’il suit dans le 
“Journal des fabricants de sucre de France”: 

“ Sulficarbonatation . — L’effet obtenu se manifeste par une tr4s 
forte decoloration qui atteint en moyenne 50% et reste acguise 
au cours du travail ulUrieur. Les sirops provenant des jus trait4s 
par le proc4d4 Weisberg, sont peu teint4s et d’une faible viscosite ; 
ceux que nous avons vus dans les derniers jours de cette campagne 
etaient de la plus grande limpidite; ils n’4taient, malgre leur tr4s 
haute concentration, guSre plus colores que beaucoup de jus 
filtres de deuxi4me carbonatation resultant du traitement hab- 
ituel. 

“De l’aveu m4me des dirigeants de la sucrerie d’Ercau d’oeuvre, 
l’application bien comprise et bien dirigee de la sulficarbonatation 
J. Weisberg a contribue pour la plus large part & l’obtention de 
beaux cristallises blanes extra, de la premiere k la derni6re cuite, 
dans cette campagne si difficile et desormais f&cheusement histo- 
rique de 1911-12.” 

Cette narration desinteressee et contrdlable, d’un procede qui 
a rendu pratique l’emploi raisonne de SOo decidera probablement 
mes confreres de ce c6t4 de l’Atlantique k le conseiller aux usines 
qu’ils dirigent chimiquement. Ici plus que partout ailleurs, je 
crois que le proc4d4 donnerait ses pleins effets, tout terrain nou- 
veau consacr4 St la culture de la bctterave sucri4re donnant tou- 
jours, durant les premieres ann4es, des betteraves organiques qui 
entralnent en fabrication la formation d’organates calciques; j’ai 
observe la chose en Espagne, en Italic, en Russic, voiro m6me 
dans les polders hollandais; c’est pourquoi je ne saurais trop 
vous engager & employer aussi judicieusemcnt que dans quelqucs 
usines beiges, fran 9 aiscs et russes, le proc6d4 de sulficarbonatation 
Weisberg; il laissera certainement dans vos arrives produits ot 
m41asses moins de sulfates et de sulfites que le m4me produit prove- 
nant des mauvaises sulfitations ordinaires, car SO 2 est sdentifique- 
ment et judideusement employ 6 et il est lui-m4me son productcur 
d’hydrosulfites de potasse et de soude dont nous connaissons lous 
les bienfaisants effets. 


suit LA CRISTALLISATION DE LA SACCHAROSE EN 
MILIEU PLUS AU MOINS IMPUR 

A. Attlard 
Bruxelles, Belgium 

Dans une etude d4jSt ancienne (Bull. Ass. Beige des chimistes 
1891) sur la raffinose et la cristallisation du sucre de separation, 
je m’exprimais ainsi qu’il suit sur la cristallisation de la saccharose 
en milieu plus ou moins impur: 

“Tous les chimistes savent que la saccharose C^H^O 11 ou sucre 
cristallisable, cristallis6 en prismes, clinorhombiques ou binaires 
hemiedriques, durs et anhydres.” 

La saccharose ne saurait cristalliser que chimiquement pure, 
mais plusiers petits cristaux soud4s entre eux peuvent in- 
terposer entre leurs arltes enchevetrees quelques parcelles 
d’eaux m&res; de IS, vient que le sucre semble grisStre ou jaun&tre 
suivant le milieu dans lequel les cristaux ont 6t6 nourris. II 
importe beaucoup dans les sucreries, qui veulent produire du 
sucre de consommation directe, cristallis4s de choix, que la 
masse cuite soit aussi d6color6e et aussi fluide que possible. Cette 
decoloration et cette fluidity atteindront le maximum par l’em- 
ploi judicieux de la sulficarbonatation J. Weisberg; mais il ne 
suffitpas que la masse ait les qualitds requises 6num6rees ci-dessus; 
il faut encore qu’S un moment de la cuite, on ne vienne pas, par 
une alimentation irraisonn6e et intempestive de sirop moins riche 
et plus dense, compromettre la regularity des cristaux; elle ne 
l’est dejS que trop. En admettant une alimentation reguliSre en 
sirop de purete, par exemple de 92° et en analysant, en observant 
ce que se passe dans un appareil S cuire, en prelevant souvent des 
echantillons qu’on examinera S la loupe ou au microscope, on 
observera que peu apr£s la cristallisation, tous les petits cristaux 
sont bien conformes, & cristallisation clinorhombique parfaite; 
petite petit, en grossissant au fur et & mesure de leur alimentation 
et de ce que la masse cuite s’el&vera dans l’appareil, ils se deform- 
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eront sous l’influence de 1’eau mSre saline et organique qui les 
baigne et qui passera d’une puret6 de 92° & 84° voire m6me 80°. 
II se forme dans l’appareil des couches de composition saline et 
organique diff6rentes; l’introduction du sirop nouveau se faisant 
toujours par le bas, la base rhombe des cristaux qui gravitent 
dans le sens de 1’appel de vide s’41argit; la partie la plus lourde 
6tant tournee vers le bas, trouve un milieu plus favorable it sa 
nutrition en dessous qu’en dessus, suivant en cela des principes 
determines dans la cristallographie des corps; par contre, sous 
la resistance qu’offre aux cristaux au milieu ddfavorable k leur 
d4veloppement normal, milieu plus pauvre se trouvant vers le 
haut de l’appareil, lit ou les sels do potasse et de soude et les 
mati&res organiques vont s’accumulant, les cristaux s’aplatissent 
et s’affinent en un endroit quelconque d’unc lo lours ar6tes ou 
d’un de leurs angles; ils accusent alors des cristaux de toutes les 
formes possibles, voire mfote en aiguille, comme dans les 
sucres provenant de l’extraction du sucre des m61asses, (separa- 
tion et barytage etc. . . .), le mal va s’aggravant encore si 
dans l’appareil & cuire, on rentre en cuisson & la fin de la cuite, des 
sirops denses d’une puret6 inf£rieure & celle de l’eau m&re baig- 
nant les cristaux; bien souvent alors les cristaux se rongent et se 
fractionnent, m6me, au lieu de grossir normalement sur toutes 
les faces. II faut done, lorsqu’on veut obtenir de beaux cristal- 
lises en premier jet, que la cuite tubulaire, pr4f4rablemcnt k 
toutes les autres, n’ait qu’une dur<5e des plus limitGcs, 6^8 heures 
au maximum; il faut que le sirop d'alimontation soit toujours 
dense, (de 56 & 58 Brix k 19°c) d’une temperature do 80 & 85°c. 
et aussi fluide, aussi pur, aussi d6color4 quo possible it son cntr6e 
dans l’appareil k cuire; alors en menant la cuite rapidemont, sans 
melange, sans rentr4e d’aucun 6gofit do turbinago, on obtiendra 
des cristaux trls r4guliers, se rapprochant de leur cristallisation 
classique. 

Si, au contraire, la cuite est lonte avec des rentr4es plus ou 
moins copieuses d’4gouts pauvres, les cristaux se d4formeront et 
l’aspect du sucre apr&s turbinage sera terne, parce que beaucoup 
de cristaux auront perdu leur forme naturelle. La cuite sera 
coul4e k 8% d'eau it 84°-85° C dans des cristalisoirs Ragot, tr&s 
sup6rieurs aux autres parce que les points de refroidissement sont 
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en mouvement dans nne masse chaude et fluide. Le turbinage 
s’effectuera 6 heures au maximum apr&s la coulee de la cuite, 
la temperature de la masse etant encore de 60° cent. II fau- 
dra done conduire la refrigeration de fagon k avoir une chute 
de temperature de 4° k l'heure. Durant le malaxage et le re- 
froidissement de la masse cuite, on aj out era desegouts de turbi- 
nage satures et chauds de 75° k 80° cent, de telle fagon qu’au 
turbinage la masse aura de 8| k 9% d ? eau; elle sera fluide et ti&de 
k 60° cent, comme dit ci-dessus; on obtiendra alors de superbes 
cristailises tr&s brillants et non ternes, qui toutefois, ne subiront 
qu’une comparaison relative avec les cristailises de raffinerie 
fabriqu6s avec des produits k 98°-99° de puret£ et for cement de 
cristallisation plus classique et plus uniforme. 

C'est ainsi que cette cristallisation apparait admirablement 
r6guli&re dans les cuites de raffing & 99, 50° de puret£ de la raffin- 
erie Tirlemontoise & Tirlemont, (Belgique) paree que la cuite est 
rapide, coulee en moules Adant et que les eristaux petits, mais 
uniformes et brillants, ne subissent aucune deformation par suite 
de Timpurete du sirop-m&re dans lequel ils sont rapidement 
nourris. Lorsqu’on prend un morceau de sucre et qu’on Thum- 
ecte d'une eau artificiellement coloree, il s’impr&gne et se teint 
regulierement, ce qui n ; a pas lieu avec des r affixes prepares dans 
des milieux plus impurs; il faut done en tete du travail, autant 
en raffinerie qu’en sucrerie, avoir les produits les plus purs et les 
plus fluides possible, cuire rapidement, de fagon k conserver aux 
eristaux leur forme clinorhombique et toute la limpidite brillante 
qui les fait se rapprocher de celle de petits diamants dont ils ont 
la composition (carbone pur). C’est pourquoi les procedes de 
cuisson continue, P. Kestner, ou de cristallisation par refroidisse- 
ment d'une masse chaude satur^e en sucre Druelle-Say, Lambert, 
Mastaing et Delfosse Lagrange, n’ont k mon avis pas encore dit 
leur dernier mot. 

Dans le proc6d6 Kestner judicieusement appliquS et compris, 
il y a une id4e nouvelle qui nous aff ranchirait des appareils encom- 
brants que nous utilisons aujourd'hui, id6e qui, fera son chemin 
parce qu'elle est bas6s sur des lois de physique et de cristallo- 
graphie applicables industriellement. Les eristaux aussi petits 
soient-ils qui se forment dans une masse pure ou impure, sont 
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toujours de m6me forme si on les 41imine vite de la masse dans 
laquelle ils ont pris naissance; ils la conservant d’autant mieux 
qu'ils auront moins subi l’influence d4primante du milieu de l’eau 
m&re dans laquelle ils sont maintenus en mouvement so rodant 
les uns sur les autres. Je ne doute pas que Monsieur P. Kestner 
qui a d6j& dot4 l’industrie sucri&re d’appareils concentrateurs des 
jus tr&s int5ressants, appareils rompant avec une construction 
emcombrante et surann6e, ne parvieime 5galement h r5aliser 
la suite continue simple et pratique si, bien entendu, Messieurs 
les industrials veulent rompre avec des types de sucre 4galement 
surann5s. 



(Bisumi) 

ETUDE CHIMIQUE SUR LA CARBONATATION 

K. AsrDBLfK ET Y. STANEK 

Vu les diff4rentes modifications employees pour la carbonata- 
tion dans la pratique industrielle nous n’avons pas cru sans im- 
portance d’4tudier de plus prds au point de vue chimique l’effet 
complexe que produit la carbonatation sur les jus bruts. 

Nous nous sommes efforc4s particulierement de trouver une 
methode pr4cise, qui nous permettrait de reconnaitre les avan- 
tages qu’offrent les divers proe4d4s industriels. Voici les trois 
points, qui ont 4t4 l’objet des nos rechercbes. 

1) Quelle est la diff4rence de polarisation qu’on peut trouver 
dans les jus de diffusion apres une triple carbonatation, 4ventu- 
ellement apr4s le chauffage avec la chaux. 

2) Quels sont les effets d’une triple carbonatation sur la puret4 
et sur la composition des jus, trait4s avec des quantit4es de cbaux 
diff4rentes. 

3) Quel est l’effet de la triple carbonatation, calcul4 de la com- 
position et de la quantit4 des 4cumes de carbonatation en em- 
ployant des quantit4es de cbaux diff4rentes. Dans le cours de 
nos rechercbes nous avons observ4 ce qui suit: 

1) Pendant la triple carbonatation des jus la polarisation ini- 
tiale diminue; cette diminution varie de 0.04 jusqu’it 0.16% cal- 
cul4 sur le poids du jus brut et elle semble 4tre proportionelle 
4 la quantity de cbaux employ4e. Le chauffage des jus bruts 
au bain marie it 100° C pendant 10 minutes avec 1% de cbaux 
diminue 4galement la polarisation du jus brut de 0.1 jusqu’it 
0.12% sur le poids du jus. 

2) L’augmentation de la cbaux de 1.5 it 3.5% sur le poids du 
jus ne se fait sentir que dans le cas de quelques jus bruts, notam- 
ment de celles qui accusent une puret4 inf4rieure it 88%. 

Dans ce cas la l’effet de la carbonatation se montre par une 
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414vation de la puret4 du jus et une petite diminution des cendre 
et de l’azote. 

3) [[/augmentation de la chaux — par exemple de 1.5 k 3.5% 
sur le poids du jus bruts — k la carbonatation produit un effet 
incontestable k la couleur du jus; on la trouve plus faiblo dans 
le cas oil la quantity de chaux 4tait plus 41evee. 

4) On 41oigne en moyenne 0.25% de matures organiques en 
plus, caicule sur le poids du jus brut, si l’on emploi des quantity 
de chaux k la carbonatation plus 41ev4es par exemple de 1.5 
jusqu’4 3.5%, suppose que l’on ait appr4ci4 l’effet aumoyen de 
l’analyse chimique usuelle, c’est-il-dire par dessication & poids 
constant k 105° C. 

5) L’analyse 414mentaire des 4cumes de carbonatation a incu- 
ts que l’analyse usuelle fait parraltre l’accroit depuration quant 
aux matures organiques produit par l’augumentation de la chaux 
deux jusqu’i trois fois plus grand. 

La presence de l’eau de combinaison dans les 4cumos <5tait 
demontr4 en appliquant & la fois les dites methodos analytiques 
aux 4cumes obtennues par la carbonatation de la chaux 

1) suspendue dans l’eau, 

2) suspendue dans une solution de saccharose, 

3) aux 4cum.es de la carbonatation des jus bruts. 




(RisumS) 


SUR LES RELATIONS ENTRE LA RICHESSE SACCHA- 
RINE DES RACINES ET LES CARACTERES 
CHIMIQUES DES DESCENDANTS D’UNE 
BETTERAVE-MERE DANS LE PRE- 
MIERE GENERATION 

K Andrlik et J. Urban 

La richesse saccharine des racines provenant d’une m^re en 
premiere gyration peut correspondre a un poids tr&s different 
des racines, poids qui peut varier dans les limites de la variability 
du caractfere en question. 

Pour les moyennes des richesses saccharines et les moyennes 
de poids des racines des monies individus la loi de la correlation 
n’est pas valable du tout ou elle ne se fait sentir que d’une fagon 
presqu’insignifiante. Elle apparait plut6t chez les moyennes des 
poids du feuillage oil correspondent aux moyennes supyrieures de 
richesse saccharine des poids moyens infyrieurs de feuillage et 
vice-versA 

En ce qui concerne la relation entre la richesse saccharine et 
la mature s^che des racines et des feuilles nous avons trouvy 
qu’une meme richesse saccharine peut correspondre k des matures 
s^ches diffyrents des racines et de feuillage et peut varier dans 
les limites de la variability des matures s^ches des racines et du 
feuillage. 

Les moyennes des richesses saccharines inferieures correspon- 
dent k des moyennes infyrieures de matures syches et inverse- 
ment; cela k lieu pour les racines comme pour le feuillage 

II y a done proportion directe entre les caractferes en question. 

Quant k la relation entre la richesse saccharine des racines et 
leurs cendres et les cendres des feuilles nous avons observe qu’& 
une m^me richesse saccharine peuvent correspondre des cendres 
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et que ces differences se trouvent dans les limites de la variability 
des cendres des racines et du feuillage de la memo ligne. 

Les moyennes de richesso saccharine supdrieurcs correspon- 
dent it des moyennes de cendres qui ne sont que faiblement supd- 
rieures pour les racines mais sensiblement supdrieurcs pour les 
feuilles et vice-vers&. 

II y a done ici proportion directe dans les deux cas, mais plus 
accentude dans le second. 

L’dtude de la relation entre la richesse saccharine des racines 
et la teneur en azote des racines et du feuillage nous a montrd en 
premier lieu qu’A une richesse saccharine donnd peuvent corres- 
pondre des teneurs en azote extrdmment variables pour les racines 
et pour les feuilles. Le differences ont pour limite 1’amplitude 
de la variability de ce caractdre c. k d. de la teneur en azote des 
racines et du feuillage. 

Les moyennes des richesses saccharines supdrieures corres- 
pondent k des moyennes de la teneur en azote des racines et du 
feuillage dgales ou un petit peu plus dlevdes et vice-versA. 




(R6sum6) 


VARIABILITY DE LA CONSOMMATION DE L 7 AZOTE 
DES DESCENDANTS D 7 UNE BETTERAVE 
PORTE-GRAINE DANS LA PREMIERE 
GYNYRATION 

K Andrus: et J. Urban 

Le consommation de r azote chez les descendants d 7 une 
betterave porte-graine n 7 est pas egalle mSme dans le cas oil la 
culture de la betterave a ed lieu dans des conditions pratique- 
ment identiques; elle ne l 7 ytait pas non plus pour les descendants 
ayant une richesse saccharine 6gale. 

Elle est probablement regie par le loi de la variability fluctu- 
ante, trouvy par Quetelet-Galton. 

Cette variability se laisse exprimer par une courbe ressem- 
blante k la courbe binomialle. 

L 7 amplitude de la variability de la consommation d 7 azote 
chez les individus de la m^me linie s’yvaluait k 202.6% de la 
consommation moyenne de la m6me linie, c 7 est-&-dire k 1.98 g 
pour une plante. 

La quantity de sucre trouvy dans les racines de la ligne ytudiye 
prysentait ygalement une fluctuation, probablement soumisse k 
la loi de le variability fluctuante. 

La proportion de l 7 azote consommy sur 100 partie de sucre 
differait ygalement d 7 un individu k r autre. 

L 7 amplitude de cette variability ytait evaluye k 81.8% de la 
consommation moyenne d 7 azote, qui pour cette gynyration ytait 
de 3 . 67 parties sur 100 parties de sucre et une plante. 

Les individus plus riches en sucre consommait en moyenne 
moins d 7 azote et vice-vers& l 7 amplitude de la variability de 
cette consommation ytait done infyrieure. 

Par la syiection basye sur la polarisation les descendants k 
consommation d 7 azote plus yievye sont probablement yiiminys. 
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(RSsumi) 


VARIABILITY DE LA COMPOSITION CHIMIQUE DES 
DESCENDANTS D’UNE BETTERAVE PORTE- 
GRAINE DANS LA PREMIERE 
GENERATION 

K. Andrlik bt J. Urban 

En analysant les racines et les feuilles des descendants d’une 
betterave porte-graine dans la premiere gyration on pouvait 
constater une diS6rence remarquable dans leurs composition 
chimique. 

De m6me que les caractSres ext^rieurs varie ausei la compo- 
sition chimique des descendants d’une betterave mfere et cela 
dans les limites donn4es par la variability fluctuante. 

Ce ph4nom&ne nous 1’avons constatd en dosant la matifere 
s4che les cendres et l’azote dans les racines et les feuilles de 
100 individus. 

Chacun de ces caractSres chimiques indique une variability, 
qui se laisse exprimer pax une eourbe qui ressemble k la courbe 
binomiale de Quetelet-Galton. 

Nous avons d4termin4 l’amplitude de la courbe de variability 
et l’avons exprim4 ensuite par la valeur moyenne des caract^res 
volables pour les descendants de la m£me betterave m4re. 

Pour plus de clarty nous avons representd ses variations 
grafiquement par des courbes. 

Nous avons nottamment constatA: 

Que l’amplitude de la variability de l’azote dans les racines 
s’4valui & 88.2% de la valeur moyenne de ce caractfere chez les 
descendants ytudiy (0.248%); 

Que l’amplitude de la variability de l’azote dans les feuilles 
s’y value & 67.1% calcuiy sur la teneur moyenne en azote des 
m&nes descendants (0.325%); 

Que l’amplitude de la variability des matures s&ches dans les 
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racines s’dvalue & 33.4% calculi sur la valeur moyenne de ce 
caract&re (23.56%); 

Que l’amplitude de la variability des matures sfeches dans les 
feuilles s’dvalue k 71.9% sur les matures sleh.es moyennes des 
descendants dtudids (13.78%); 

Que l’amplitude des cendres dans les racines s’dvalue k 64.7% 
de cendre moyenne des racines appartenant k la m&ne g6ndration 
(0.692%); 

Que l’amplitude de la variability des cendres dans les feuilles 
est de 81.8% de cendres moyennes dans les feuilles des mfimes 
descendants (3.25%). 

En outre nous avons dymontry la variability fluctuante du 
poids des feuilles dans la pyriode de vegetation ou ce poids 
atteint son maximum. L’amplitude de cette variability etait 
yvaluy k 189% du poids moyen des feuilles des descendants 
ytudids (357 g). 

L’amplitude de la variability du poids des racines ytait dvalude 
a 193% du poids moyen des racines de la meme gynyration 
(331 g). 

Nous avons dyterminy de nouveau l’amplitude de la varia- 
bility de la richesse en sucre pour les descendants d’une m5re. 
Elle se monte k 28.5% de la richesse moyenne des descendants 
considyrys (16.3%). 

Toutes cettes variabilitys sont vaiables pour la pyriode de 
vygytation ou le develloppement des feuilles avait atteint son 
maximum. 




A REVISION OF THE HUNDRED POINT OF THE SAC- 

CHARIMETER 


Frederick J. Bates and Richard F. Jackson 
Washington, D. C. 

For the purpose of checking the accuracy of saccharimetrie 
analysis, the polarization of highly purified sugar solutions was 
measured. For the preparation of pure sucrose the method of 
crystallization from aqueous solutions after concentration in a 
vacuum boiling apparatus was developed. The sugar thus 
prepared did not differ essentially from that precipitated by 
alcohol. A study of the purified sugar showed the absence of 
ash and a negligible quantity of reducing substances. The ex- 
periments on reducing sugars showed the effect of sucrose on 
alkaline copper solutions and in the calculations this effect was 
taken into consideration. The velocities of caramelization of 
sugar £ft various temperatures was measured and a curve plotted 
indicating the length of time needed at each temperature to 
produce a quantity of caramel equivalent in reducing power to 
.01% invert sugar. The data are: 79.5°, 1.8 hrs.; 66.6°, 10.9 
hrs. ; 50.0°, 107 hrs. ; 39.0° 478 hrs. The results prove that cara- 
melization occurs at comparatively low temperatures, the effect 
taking place spontaneously, if slowly, at laboratory temperatures. 
The allowable time of heating as determined by the carameliza- 
tion curve was applied to moisture elimination. A combination 
of high temperature and high vacuum was relied upon to dry the 
sample. Solutions for polarization were prepared, both gravi- 
metrically, by reference to density tables, and volumetrically. 
The Specific Rotation of the normal solution was measured on a 
precision polarimeter for wave length 546.1 and found to be 78.- 
385° at 20.00°C. By the use of a quartz plate, which had been 
certified by the Physikalisch-Technische Reicheanstait and the 
Bureau of Standards, the scale correction of a saccharimeter was 
found and the correction applied to the polarization of the normal 
sugar solutions. These latter read not 100.00° but 99.91. The 
Herzfeld-Schonrock standard was concluded to be in error. If 
so, the new Conversion Factor for X= 589.25 was computed to 
be 34.626 and that for X= 546.1 was 40.707. 
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A CONSTANT TEMPERATURE LABORATORY FOR 
THE POLARIZATION OF SUGARS 

C. A. Browne 
New York, N. Y. 

Since the installation in May 1909 at the New York Sugar 
Trade Laboratory of a cooling equipment for maintaining a 
temperature of 20°C during the warm season of the year, a large 
number of inquiries have been received by the writer regarding 
plans of construction, cost of equipment, expense of operation, 
method of temperature control and many other questions per- 
taining to the general subject of refrigeration for the laboratory. 
In the present paper the writer wishes to answer a few of such 
inquiries, and while well aware that the conclusions obtained from 
one set of conditions cannot be applied to all laboratories he 
nevertheless hopes that the results of his experience may be of 
some benefit to those seeking information along this line. 

In the climate of New York a laboratory can be maintained 
without difficulty at 20°C for about 200 working days in the 
cooler months of the year by careful regulation of the heat supply 
and ventilation. In the warmer months of the year, or for about 
105 working days, when the outside temperature exceeds 20°C 
artificial refrigeration must be resorted to in order to maintain 
standard conditions. 

As to the requirements of a refrigerating equipment necessary 
for the purposes of a sugar laboratory, we may name the follow- 
ing: (1) rapid cooling of the laboratory (from temperatures of 
30°C or more) to 20°C and maintenance of this temperature for 
as long a time as may be desired, the deviation from 20°C not 
to exceed 1°; (2) constant renewal of the air supply necessary for 
perfect ventilation; (3) complete absence of condensation of 
moisture upon the walls of the laboratory or upon apparatus; 
(4) absence of vibration from the refrigerating machinery which 
might affect the adjustment of polariscopes or other instruments. 
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There are of course other essentials, such as constancy of power 
and water supply, economy of operation, ease of control, etc., 
but these are of too obvious a character to require discussion. 

The constant temperature room of the New York Sugar Trade 
Laboratory is approximately 24 feet long, 18 feet wide, and 10J 
feet high. This space is largely taken up by working tables for 
the making up of solutions and filtering and by a polariscope 
cabinet containing 3 saccharimeters. The entire equipment is 
sufficient for the accommodation of 5 chemists and for the polar- 
ization in duplicate of a maximum of 150 samples of sugar per 
day. °The daily average of samples tested is, however, much 
less than this being about 60 per day. About 75% of these 
samples come from the port of New York, the remainder arriving 
from Philadelphia, New Orleans, Galveston, Boston, and the 
Canadian ports Halifax and Montreal. The samples thus re- 
ceived represent practically all of the raw cane sugar imported 
into the United States and Canada by way of the Atlantic 
Seaboard. 0 

The equipment of the constant temperature laboratory, as 
regards insulation, refrigeration, and ventilation, is briefly as 
follows: 

Insulation. All the walls of the laboratory were not insulated 
but only those surfaces whose structure or position afforded exces- 
sive radiation towards outward heat. The surfaces thus insu- 
lated were the ceiling (separated by an air space from the tar and 
gravel roof of the building,), the wall and vestibule surrounding 
the entrance, and the sectional partition dividing the laboratory 
proper from the machinery space. The side walls of 2 in. plaster 
and the front walls of 12 in. brick covered with plaster were not 
insulated. All windows, however, were made double. 

The insulating material employed upon the ceiling and wooden 
partitions consisted of \ in. hair felt between heavy paper overlaid 
with matched boards of l in. tongue and grooved vine. The 
entrance to the laboratory consisted of a heavy insulated door of 
the ordinary cold storage type. 

Refrigeration . The refrigerating machinery consisted of an 
8 H.P. ammonia compressor rated at 5 ton refrigerating capacity 
per 24 hours. °The compressor was single acting, enclosed (with 
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shaft and crank bearings running in oil), and with two cylinders 
(5 in. diameter and 9 in. stroke).® The compressor was driven by 
a 7.5 H.P. field control electric motor, the transmission being 
affected by a belt whose tension was regulated by an idler pulley. 
The speed of the motor could be varied between 375 and 580 
revolutions per minute and that of the compressor fly wheel 
(1000 lbs) between 52 and 72 revolutions per minute. “The 
maximum work of compression coming at two points in each 
revolution caused an irregular tightening and slackening of the 
belt, but this was largely taken up by the spring of the idler, so 
that no difficulty was experienced in the work of transmission.® 
The compressor, which weighed in all 3600 lbs. was mounted upon 
a heavy platform to the outer wall of the building. No incon- 
venience from vibration was experienced at any speed or load 
of the machine. 

During the operation of the compressor the hot ammonia gas 
from the discharge valves (at a pressure of between 150 and 180 
lbs. per square in.) was passed through an oil separator and then 
liquified in a 6 pipe condenser (12 feet long), for cooling which 
from 600 to 900 liters of water were used per hour; from 20 to 40 
liters of water per hour were also used for the cooling jacket 
surrounding the compressor cylinders. The condenser was con- 
nected with an ammonia receiver (5 feet long x 10 in. diameter) 
from which the liquid ammonia was fed at the desired rate through 
an expansion valve to the cooling coils. The work of cooling 
was accomplished in 300 feet of expansion piping arranged in 5 
coils from which the vaporized ammonia (at a pressure from 5 to 
16 lbs. per square in.) was returned to the compressor. 

Ventilation. The expansion coils were surrounded by a heavy 
insulated cooling box, hung from the ceiling of the machine room, 
through which the air of the laboratory was circulated by means of 
a small electric fan. The distribution of air was effected through 
discharge and suction ducts, a supplementary suction duct be- 
tween the cooling box and outside insuring a constant supply of 
fresh air. The ducts were provided with numerous adjustable 
openings for controlling the distribution of air; the suction ducts 
were also fitted with movable dampers for regulating the delivery 
of air from the laboratory and outside to the cooling box. The 
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speed of the electric fan was controlled by a regulator; the 
volume of air delivered from cooling box to laboratory at maxi- 
mum speed was about 600 cubic feet per minute. The displace- 
ment of air from the laboratory by fresh air entering from outside 
was effected through a damper opening into the hallway from the 
end of the return duct opposite the cooling box. 

Cost of Equipment* The complete cost of the refrigerating 
equipment as just described was $3,000; $650. for insulation, 
lumber, and carpenter work, and $2,350 for refrigerating machin- 
ery and labor of installation. 

Working Efficiency of the Refrigerating Equipment 

The various cycles of heat transference in a system such as 
just described — from laboratory to circulating air, from circula- 
ting air to expansion coils, from expansion coils through vaporized 
and compressed ammonia to condenser, and from condenser to 
the cooling water, — are so complex and the difficulty of estimating 
losses so great that it is possible to make only a very rough cal- 
culation of the working efficiency. The variations in outside 
and inside conditions (sunshine, wind, humidity, persons at work 
in the laboratory, extent of opening doors, etc.) even in a short 
period of time present insurmountable obstacles to rigid exact- 
ness. The writer has made a large number of comparative meas- 
urements under different conditions and without publishing the 
mass of data at hand will give simply a resume of one or two 
typical tests. 

For a warm summer day at 28°C outside temperature, an 
expenditure of about 2.9 K.W. hrs. electricity per hour was found 
to be requisite for maintaining the laboratory at 20°C. The heat 
units removed per hour by the condenser water were approxi- 
mately 4500 Cals, and the heat given off to the air of the machine 
room by electric motor, resistance coils, and compressor estimated 
at 2500 Cals, per hour. 

The large amount of heat given off by motor and compressor 
shows the importance of isolating all machinery from the labora- 
tory space required to be cooled. Experiments made before the 
erection of the insulating partition between machine space and 
laboratory demonstrated the impossiblity of cooling a laboratory 
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satisfactorily on very warm days under such conditions. Work- 
ing the machine at its fullest capacity there was always a point 
reached when the radiation from internal and external sources 
counterbalanced the heat removed by the water. Beyond this 
point of equilibrium it was impossible to go; the refrigerating 
machinery was virtually working against itself. 

The distribution of the heat removed by the expansion coils 
in the cooling box was estimated to be as follows: 

Cals, per hour 


Cooling air returned from laboratory 2650 

” ’’ from outside 550 

Freezing moisture from air 815 

Heat radiated into cooling box 285 

Total heat removed by expansion coils 4300 


If the cooling box and ducts could have been placed in the 
laboratory the item of 285 Cals, radiation would have been saved. 
Lack of space unfortunately did not permit of the above con- 
struction in the equipment at The N. Y. Sugar Trade Laboratory. 
It is evident, however, from economic reasons that wherever 
possible in the erection of a constant temperature laboratory the 
expansion coils, cooling box and ducts should be placed entirely 
within the insulated walls of the compartment to be cooled. 

The average of 2650 Cals, of heat removed per hour from the 
laboratory is of course very unevenly distributed. In the first 
two hours of operation the heat removed is largely due to the 
cooling laboratory materials; in the later hours, when constancy 
of temperature is being maintained, the removal of heat from 
radiation is the principal item. The average hourly distribution 
of the heat removed from the laboratory during 7 hours cooling 
was roughly estimated to be as follows: 

Cals, per hr. 


Removal of heat from cooling laboratory materials 1350 

“ “ “ “ radiation 653 

“ “ “ “ persons as work 300 

“ “ “ “ fan motor 30 


2333 

“ “ “ opening doors etc, (by differenc e) 317 

2650 


Total 
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The ideal system of refrigeration for laboratory purposes is of 
course that of continuous operation day and night. With an 
intermittent system, such as the one just described, a certain 
interval of time must be allowed for saccharimeters, quartz 
plates and other apparatus to acquire temperature equilibrium. 
While the air of the laboratory room may be cooled from 26° to 
20° in an hour, there is a considerable lag in the cooling of the 
apparatus and other materials of the laboratory. 

It has been found, for example, that a Bates Saccharimeter, 
which is fitted with a thermometer to indicate the temperature 
of the quartz wedges, requires about 2% hours to be cooled from 
26° to 20°, when placed in a laboratory of 20° air temperature. 
This interval may be considerably reduced, however, by cooling 
the air of the laboratory at first to 19° or 18° and then as soon as 
the thermometer of the saccharimeter indicates 20° to diminish 
the speed of the ventilating fan so that the temperature thereafter 
is kept at exactly the right degree. In The New York Sugar 
Trade Laboratory from 2 to 3 hours, according to temperature 
conditions, are allowed for temperature equilibrium before using 
the saccharimeters. This preliminary interval is of course 
utilized in weighing out and dissolving the sugars so that no loss 
of time results from this system of operation. 

Method of Temperature Control 

In controlling the temperature of the system just described) 
the ammonia compressor and ventilating fan are started at 9 A.M- 
and, if the day is warm, worked at full capacity until the expan- 
sion coilB in the cooling box are completely covered with frost. 
As soon as the temperature of the laboratory begins to fall below 
20° the speed of the compressor is diminished, the pressure of 
ammonia in the expansion coils reduced and the ventilating fan 
slackened. On warm days with an outside temperature exceed- 
ing 26° C it is found necessary to run the compressor continuously 
in order to maintain an equilibrium in the laboratory at 20°. 
On cooler days with an outside temperature below 26°C, the com- 
pressor can be worked intermittently to advantage; sufficient cold 
can be stored up in the expansion coils to keep the air of the 
laboratory cool for several hours. By regulating (1) the speed 
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of the compressor. (2) the pressure of ammonia in the cooling 
coils by means of the expansion valve and (3) the velocity of the 
ventilating fan, the temperature of the laboratory can be con- 
trolled with ease and exactness. 

Automatic Control of Temperature . In addition to the above 
means of controlling temperature, the constant temperature 
laboratory of The New York Sugar Trade has been firred with an 
automatic control. The mechanism for this control, which is 
best adapted for continuous running of the compressor upon 
moderately warm days, consists of a delicate thermostat which 
prevents over-cooling of the laboratory by opening a damper 
which admits warm air from outside. 

While the automatic control works with most perfect precision, 
its usefulness is limited largely to days which have an outside 
temperature considerably above 20°, otherwise the admittance 
of outside air is not sufficient to counteract over-cooling. An 
automatic control which is based upon the admittance of warm 
outside air is also manifestly less economical than a direct con- 
trol of the actual work of refrigeration. Owing to the ease with 
which the temperature can be regulated in the various ways 
previously described, the automatic control is but little used. 

Conditions of Humidity in the Constant Temperature 

Laboratory 

At no time in the work of cooling the laboratory has trouble 
been experienced from condensation of moisture upon walls or 
apparatus even upon the most humid days. The excess of 
moisture frozen from the circulating air upon the cooling coils 
is always sufficient to keep the humidity of the air well below the 
point of condensation. 

Cost of Operation 

As was stated at the beginning the figures which have been 
given for the working economy of the cool temperature laboratory 
were based upon an hourly maintenance at 20° with an outside 
temperature of 28°. The hourly cost of electricity and water 
for such maintenance is as follows: 
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2.9 K. W. hours electricity @ $.09 =$0,261 

28 Cubic feet water @ .001= .028 


Total $0,289 

The cost for lowering the temperature the first hour is greater 
than this for reasons already explained and is found to average 
about $0,343. The average hourly cost for cooling the labora- 
tory and maint aining it at 20°C with an outside temperature of 
28°C is therefore about $0.30. This figure is considerably above 
the average cost of operation, however, as the mean outside 
temperature dining summer in New York is much below 28°C. 
In general the average cost of electricity and water per hour for 
cooling the laboratory to 20° and maintaining it at this tempera- 
ture for different outside temperatures was as follows: 


Outside 

Temperature 

Running expense 
per hour for cooling 
laboratory to 20® C. 

30°C 

$0.40 

28 

0.30 

26 

0.20 

24 

0.15 

22 

0.10 

20 

0.05 


The heat from persons at work in the laboratory and from 
other sources within the building made a small amount of refrig- 
eration necessary even when the outside temperature was 20°. 

The annual cost of cooling the constant temperature room of 
the New York Sugar Trade Laboratory for 7 hours daily during 
105 days, has been about $130. for electricity and $20. for con- 
denser water. To this must be added the expense for repairs, 
interest and depreciation, which are placed at $50. thus making a 
total running expense of $200. per year. This must be regarded 
as a small item when the importance is considered of placing as 
accurate a valuation as possible upon importations of raw cane 
sugar which for the year exceed $200,000,000 in value. 

A number of chemists operating small laboratories have raised 
the question whether it is not possible to correct the variations in 
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polarizations due to temperature changes by means of suitable 
formulae or tables, and thus avoid the cost of an expensive 
refrigerating installation. 

As pointed out by the writer in a paper presented at the Lon- 
don Meeting of the International Congress of Applied Chemistry, 
the employment of temperature corrections based upon changes 
in the specific rotation of sucrose is accurate only in the case of 
refined sugars. The argument has been made that since 90 per 
cent of the imported raw cane sugar polarizes above 95, the 
sucrose correction factor is sufficiently accurate in most cases. 
The error in using this factor upon the higher grade Java, Hawai- 
ian, and Peruvian sugars is, to be sure, generally so small as not 
to be detected by the ordinary saccharimeter. This slight error 
is nevertheless always in one direction and a constant minus 
difference of even 0.01 of a saccharimeter degree shows itself 
invariably in a long average. 

The point which has most to be considered, however, is the 
influence of temperature upon polarizations of the sugars arriving 
in the hot months of June, July and August, when the errors of 
correction are naturally the greatest. The greater part of the 
Philippine sugars, which polarize between 80 and 88, and most of 
the molasses sugars which polarize below 90, arrive during the 
summer. These sugars owing to the compensating influence of 
the large amount of invert sugar which they contain, undergo but 
little change in polarization with increase in temperature, so 
that the addition of a correction for the temperature coefficient 
of sucrose introduces a considerable error. 

In the paper presented by the writer at the London Congress 
of Applied Chemistry it was shown that the temperature coeffi- 
cients for the polarizations of raw cane sugars tended to fall upon 
a straight line which extended from a polarization of 100 sugar 
degrees when the temperature coefficient had a maximum value 
of 0.003 to a polarization of 80 sugar degrees where the tempera- 
ture coefficient was zero. By continuing this line, it is seen that 
with raw cane sugars polarizing below 80 sugar degrees the 
temperature coefficient becomes a positive quantity, the polariza- 
tion increasing with rise of temperature instead of diminishing 
as is the case with pure sucrose. 
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This same fact was also very clearly shown by Wiley and 
Bryan, who have published comparative polarizations of various 
raw cane sugars at different temperatures. Other observers have 
noted similar effects and the necessary consequence of these 
results from the opposing influence of temperature upon the 
specific rotations of sucrose and invert sugar is so self-evident 
that experimental demonstration might be considered almost 
superfluous. 

During the past summer the writer has made further compari- 
sons upon different grades of cane sugar, one set of polarizations 
being made in the constant temperature laboratory at 20° and a 
second set in a laboratory at ordinary temperature, the latter 
varying between 26° and 30°. In order to fill out certain gaps in 
the range of sugars examined in 1909, three types of sugar were 
selected, one type polarizing about 95, a second type about 90, 
and a third type about 85. The average temperature corrections 
of these sugars are grouped in the following table together with 
those of the other cane sugars published in the writer’s previous 


paper. 

Number Average 
of Sugars Polariza- 

Temperature 
Correction 
observed for 

Temperature 
Correction 
calculated 
by formula 

Sucrose 
Temperature 
Correction 
calculated 
by formula 

Series 

Averaged 

tion 

l c C. increase 

0.0015 (P -80) 

0.003 P 

Old 

9 

97.14 

+0.0287 

+0.0257 

+0.0291 

New 

7 

95.20 

+0.0198 

+0.0228 

+0.0286 

Old 

6 

92.72 

+0.0168 

+0.0191 

+0.0278 

New 

6 

89.97 

+0.0122 

+0.0150 

+0.0270 

Old 

10 

87.76 

+0.0119 

+0.0116 

+0.0263 

New 

5 

85.61 

+0.0074 

+0.0084 

+0.0257 

Old 

6 

82.80 

+0.0051 

+0.0042 

+0.0248 

Old 

4 

76.18 

-0.0051 

-0.0057 

+0.0229 


It is seen that the error in applying a sucrose temperature 
correction to the polarization of low grade sugars is very pro- 
nounced. The average temperature corrections for the different 
classes of sugars is expressed very closely by the quantity .0015 
(P — 80), so that the polarization of the average raw cane sugar at 
20° when taken at t° may be written 
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P2°=pt+0.0015 (P—80) (t°— 20°) 

The writer has recommended the use of this formula to chem- 
ists who do not have the necessary equipment for making polari- 
zations at constant temperature, always, however, with the 
caution that this correction formula does not give accurate results 
for individual samples, whose composition differs from the average 
type of a given polarization such for example as damaged sugars 
or sugars abnormally high in moisture or invert sugar. 

This constitutes in the writer's opinion the great objection 
against any system of temperature corrections. Obviously a 
true correction may be found by making a complete analysis of 
the product and adding together the temperature coefficients 
for the percentages of each optically active ingredient present. 
This, however, is impossible where prompt returns are required 
upon a large number of samples. 

Where large numbers of sugars are examined the constant 
temperature laboratory is the simplest and only accurate means 
of solving a most perplexing problem. Movements are now 
being made to establish such laboratories in Cuba, Louisiana, 
and Formosa, and it seems safe to predict that sooner or later 
all important sugar testing laboratories will be thus equipped. 




SOUR CANE IN LOUISIANA 


Wm. E. Cboss 

The geographical position of Louisiana, without any protect- 
ing mountains on the north and west and with the warm waters 
of the Gulf of Mexico immediately to the south, makes the win- 
ter climate of a very changeable nature. Periods of warm, op- 
pressively humid weather are not uncommon in November and 
December, and these often alternate with spells of dry cold, where 
the temperature is sometimes below freezing point. The fol- 
lowing curve of maximum and minimum temperature during 
the winter 1911—12 will illustrate this. 

The effect of these temperature changes upon standing cane 
can easily be imagined. Cane killed by a freeze, which would 
still remain “sweet” if the freeze — or even cool weather — were 
to continue, quickly becomes soured during the warm spells 
which usually succeed the cold snap. 

It is therefore the custom among planters in Louisiana to wind- 
row their cane immediately before a predicted freeze, if possible, 
and in every case after a bud- killin g freeze. Windrowing con- 
sists in cutting down the cane with all its foliage and throwing 
it in the middles between the rows, in such manner that the tops 
with the leaves, shall completely cover the butts of that pre- 
viously placed. When the operation is properly conducted noth- 
ing should be seen but the leaves of the cane, extending the entire 
length of the row. Soil may also be thrown over the cane, thus 
affording further protection against frost, etc. 

In a normal winter very little loss may be anticipated from 
adverse climatic conditions, the grinding season being usually 
over by the end of December, and most of the unworked cane 
windrowed some weeks before then. On the other hand, if a 
freeze comes early in the grinding season it usually inflicts seri- 
ous loss on the industry. This is because the amount of un- 
worked cane is then so large that even when the mill is stopped 
and all hands set to work windrowing it is often impossible to 
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save any reasonable percentage of the crop. It has been pro- 
posed to windrow all the crop before grinding is begun, but this 
is obviously undesirable: for windrowed cane usually deterio- 
rates slowly but surely, while standing cane, until the freeze 
comes, increases in sucrose content and in the purity of the juice. 
Indeed, in the early part of the grinding season (end of October) 
the cane is often so immature that it is ground almost at a loss 
by the central factories. 

It is thus seen to be almost inevitable, in certain years, that a 
portion of the planters crop be frozen, and therefore the problem 
of properly manipulating this sour cane is a serious and pressing 
one. Of course the cane may be damaged to a greater or less 
extent. A mature cane can withstand cold far better than an 
immature or green cane. Again a slight bud-killing freeze might 
not be followed by any serious souring, while after a severe 
“splitting” freeze the cane would be very seriously fermented 
by a few hours of warm weather. 

The kind of fermentation which the dead cane undergoes is 
also of great importance. In some years and localities, the dex- 
tran-forming organisms are particularly active; at other times 
and in other places an acid fermentation (by which mainly acetic 
acid is produced) predo min ates; in still other canes an alcoholic 
fermentation is the one most noticeable. While of course the 
first and possibly most serious loss is due to the direct destruc- 
tion of the sucrose, the loss due to the melassagenic properties 
of the products of fermentation is also a serious one. This sec- 
ondary loss is also a varying one, dextran being the most melas- 
sagenic product of fermentation, and alcohol the least. 

The effect of these products of fermentation during the sugar 
making process might perhaps next be considered. If the juice 
contains dextran, it is gummy as it comes from the mill; it makes 
a cloudy “clarified juice,” and boils only slowly and with diffi- 
culty in the effects, and especially in the vacuum pan. Any appre- 
ciable percentage of dextran makes reboiling impossible, besides 
reducing the yield on first boiling to a considerable extent. Such 
gummy molasses therefore are consigned to the hot-room. It 
is an interesting fact, which has not yet been scientifically fol- 
lowed up, that such dextranous molasses usually loses its gummy 
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nature during the six or eight months in the hot-room, reason- 
ably good yields of sugar being obtained, while the gum appears 
to be broken down by fermentation or other action. 

If the fermentation has yielded acid mainly, the juice is more 
easily workable. It is, however, a fact, that the acids most 
commonly produced by fermentation give salts with lime which 
are soluble and highly melassagenic. It is therefore customary 
to neutralize the juice partly with carbonate of soda (the sodium 
salts of the acids of fermentation being less melassagenic than 
those of lime), using only sufficient lime to effect clarification 
and removal of impurities, etc. 

An acid fermented juice of this kind, treated in this way will 
often give yields of sugar almost as high as unfermented juices 
of the same sucrose content and purity, showing the melassa- 
genic effect of the sodium salts to be fairly small. 

This applies of course to juices which are slightly fermented. 
A badly fermented juice cannot be worked at all. The question 
therefore arises, at what stage of fermentation should the cane 
be rejected. This is a problem of vital importance to the Louis- 
iana industry, where so many large central factories purchase 
their cane at so much per ton from surrounding planters and 
farmers. 

It is no straightforward matter to judge to what extent cane 
is fermented, and many mistakes have been made and some 
injustice done to farmers by central factories in rejecting cane 
which was really workable. One method of valuing was based 
entirely on the “acidity test.” Cane of more than a certain 
acidity 1 (say 3cc) was rejected, on the grounds that it was too 
sour for use. This method was entirely wrong, however, inso- 
far that no consideration was made as to the nature of the fer- 
mentation process, or of the degree of maturity of the original 
cane. Regarding the first factor mentioned, we have seen that 
a mainly acid fermentation would have less serious effects on 
the juice than a mainly dextranous one, though the former would 
indicate a higher “acidity” than the latter. Then, again, a 

‘“Acidity” is reckoned in Louisiana in the following way: 10 ccs of the 
juice are titrated against decinonnal alkali and the n umb er of ccs required is 
called the “ccs acidity” of the juice. 
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mature cane may be fermented to a further extent than an imma- 
ture one, without being made useless for the factory. 

The best way to judge sour cane, is therefore to take cogni- 
zance of the present state of the cane with regard to sucrose con- 
tent, purity, etc., as well as taking a measure of the acidity and 
also, if possible, the gum content. In Louisiana it is the custom 
to accept canes with purities down to 65, but it is recognized as 
a losing proposition to attempt to work up juices of much lower 
purity. The same consideration should be applied to sour canes, 
remembering the melassagenic influence of the product of fer- 
mentation, which would make the minimum purity accepted 
slightly higher than with fresh cane. The injustice of the “ acid- 
ity” method of judging cane may be seen from the following two 
cases. A cane had an acidity of 3.8 cc, i. e., too high to be ac- 
cepted on the acidity basis. Yet the juice contained 9.25% 
sucrose and had a purity of 72.95, and, moreover, contained little 
or no dextran. Another cane had an acidity of only 2.4 ccs, 
and yet the juice had a sucrose content no higher than 7.36, with 
a purity of 65.83. A glance at the following table will show 
further how unreliable “acidity” data alone would be in judging 
the suitability or otherwise of cane for grinding. From the table 
can also be seen that consideration of sucrose content, purity, 
and acidity would give a reasonably good idea of the quality of 
the cane. 
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TABLE 

(Daily analyses of consignments of cane received by a Louisiana factory; 
arranged according to acidity) * 


Below IScc acidity 
s. p. ac. 

1 .5-2. Occ acidity 
s. p. ac. 

2.0-8Mcc acidity 
e. p. ac. 

13.18 

84.52 

1.0 

11.23 

79.38 

1.8 

9.99 

77.37 

2.4 

10.96 

73.60 

0.6 

9.15 

74.07 

2.0 

10.11 

73.02 

2.4 

11.51 

78.11 

1.0 

11.06 

79.07 

1.8 

11.20 

80.41 

2.5 

10.53 

76.26 

1.2 

8.68 

70.97 

2.1 

9.64 

80.50 

2.2 

11.28 

77.90 

1.4 

8.32 

72.05 

1.8 

9.18 

69.89 

2.2 

9.32 

73.51 

1.5 

8.32 

72.05 

1.8 

7.57 

66.08 

2.4 

8.60 

79.85 

0.2 

8.69 

70.72 

2.0 

8.51 

69.62 

2.5 

8.98 

71.71 

1.4 

8.00 

67.82 

1.8 

7.02 

67 59 

2.1 

8.65 

69.94 

1.2 

10.82 

77.10 

1.9 

11.71 

80.23 

2.3 




8.17 

77.17 

1.7 

12.14 

79.86 

2.2 




6.04 

62.00 

2.0 

7.43 

67.00 

2.4 




11.64 

79.74 

1.8 

12.43 

82.90 

2 2 




6.78 

65.39 

2.0 

10.42 

77.43 

2.1 




12.78 

83.55 

1.8 

10.31 

75.38 

2.1 




12.91 

83.47 

2.0 

10.09 

76 06 

2.1 




9.83 

71.93 

1.6 

9.59 

77.79 

2.4 




9.74 

73.52 

2.1 

8.88 

74.03 

2.4 




9.77 

75.33 

2.0 

7.88 

75.36 

2.3 




9.96 

75.20 

2.0 

8.92 

72.89 

2.5 




7.63 

69.21 

1.8 

9.70 

77.36 

2.4 




8.31 

74.68 

1.9 

9.12 

76.97 

2.3 




8.75 

77.10 

2.0 

8.87 

76.40 

2.3 




7.89 

70.03 

1.9 

9.66 

69.01 

2.4 




8.21 

73.05 

2.2 

9.36 

76.00 

2.4 




9.13 

74.15 

1.6 

8.89 

74.52 

2.3 




8.98 

78.86 

1.8 

8.72 

75.69 

2.2 




11.52 

81.40 

1.8 

8.47 

72.10 

2.4 




7.96 

69.07 

1.8 

7.36 

65.83 

2.4 




9.47 

72.48 

1.9 

8.72 

69.62 

2.5 




8.45 

71.49 

2.0 

10.18 

75.10 

2.3 


x Through the courtesy of Mr. S. G Chiquelm. 
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and clarified with 5 cc lead subacetate solution (or more) and 
filled up to 100 cc with 95% alcohol. 

The last question to be touched upon is the most difficult: 
the problem of buying and selling sour cane. In Louisiana cane 
is sometimes sold on sucrose test, most often on the other hand 
at so much per ton irrespective of sucrose quality. In the con- 
tracts, however, — which are almost always made before the sea- 
son commences — the stipulation is made that the cane must be 
“sound.” Just what “sound” means in this connection is now 
a question before the courts. It would obviously be unfair to 
reject cane absolutely because it was very slightly fermented, 
and on the other hand the mill cannot be expected to pay full 
prices for sour cane. The expedients adopted during the past 
season were varied. Some factories gave full prices for cane 
below 3 cc acidity and rejected that of higher acidity; others 
took all the cane offered them — with the exception of that which 
was absolutely valueless, say of purity of 60 and under, and paid 
a percentage of the sound cane price, this modified value being 
fixed either arbitrarily or on the basis of the amount of sugar 
actually obtained per ton, compared with that normally obtained 
in that particular factory. No universal system has yet how- 
ever been devised or adopted. 

The souring of cane is thus seen to present many problems of 
a serious and interesting nature. The fact that it is but rarely 
that any serious portion of the Louisiana crop is damaged by 
frost probably accounts for the condition that up to now the 
problems are still far from a satisfactory solution. 




{Abstract) 


DETERMINATION OF SUCROSE IN CONFECTIONERY 
CONTAINING COOKED STARCH AND 
IN MARSHMALLOWS 

Charles C. Roberts 

The writer refers to the difficulty encountered in clarifying 
and filtering solutions of starch paste confectionery and marsh- 
mallows. 

After describing in detail the experimental work upon which 
the method is based, he recommends that a dilute alcohol made 
by diluting 400 c.c. of commercial alcohol to 1000 c.c. with water 
be used as a solvent. A normal weight (26.048 grams for S&H 
saccharimeter) of the carefully taken sample of confectionery is 
dissolved in the above dilute alcohol, transferred with the same 
solvent to a 200c.c. flask, clarified with sub-acetate of lead solu- 
tion (Sp. Gr. 1.25), or alumina cream, or both, made to volume 
with dilute alcohol, filtered on a covered filter with the funnel 
resting on the receiving cylinder. The filtrate is polarized in the 
usual manner. 

Fifty c.c. of rate is evaporated in covered beakers until no 
odor of alcoho. . n be detected, then inverted by any recognized 
method. 

Sucrose is calculated by Clerget’s formula. The author claims 
the method to be accurate, rapid, and easy of manipulation. 
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LE SUCRE CLERGET DES MELASSES NORMALES 
DE BETTERAVES PAR DOUBLE POLARISATION 

NEUTRE 

Mb. E. Sallabd 
Paris, France 

Au point de vue g4n4ral, la m51asse peut 6tre considdrde 
comme renfennant dans sa mature s5che: 

1° Des matures organiques qui sont surtout formdes de 
matures azot£es; 

2° De sels min4raux ou de sels organiques & base de potasse 
de soude et souvent de chaux (chlorures, nitrates, sulfates, sul- 
fites, lactates, acetates, butyrates, etc.) ; 

3° De matures de nature pectique qui d4gagent du furfurol 
quand on les chauffe, dans un bain k 150° (avec l’aide chlorhy- 
drique & 12%) (Celles-ci n’entrent dans la m61asse que suivant 
une proportion insignifiante) ; 

4° etc. Je ne rappellerai que quelques donn£es bibliogra- 
phiques qui se rapportent aux matieres azot4es. Ce sont 
d’ailleurs les matures azotees qui constituent l’objet principal 
de ce travail. 

Pour plus amples details voir le travail de M. Smolenski (Zeit- 
schrift d’autriche, 1911). 

Parmi les matures azot£es qui existent dans la betterave ou 
la m51asse et qui ont un pouvoir rotatoire, on peut citer surtout 
l’asparagine, l’acide aspartique, la glutamine, l’acide glumatique, 
etc. 

L’asparagine a 6t6 signal4e dans les jus de betteraves par 
Rossignon en 1842 (V. Comptes-rendus de l’Acad5mie des Sci- 
ences). 

Pasteur a, le premier, fixd le pouvoir rotatoire de l’asparagine 
et de l’acide aspartique, dans un travail remarquable et fort 
dtendu qui a 4t4 public en 1851 (Voir “Annales de physique et 
de chimie ”). Dans ce travail, Pasteur montre que l’asparagine 
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et l'acide aspartique ont un pouvoir rotatoire lEvogyre (en solu- 
tion alcalinisEe par la potasse, la soude et l’amoniaque.) et que 
l’amoniaque agit plus, dans ce sens, que la soude. II montre 
Egalement que 1’asparagine et l'acide aspartique ont un pouvoir 
detrogyre (special pour chaque acide) en presence des acides 
minEraux (sulfurique, chlorhydrique, azotique) et de l’acide 
citrique, et que ce dernier a une action moins marquee que les 
premiers. 

Dubrunfaut s’occupe, & son tour, de la question de l’aspara- 
gine de la betterave dans une Communication k 1’AcadEmie 
des Sciences (9 Juin 1851) et il montre les erreurs auxquelles 
sa presence peut donner lieu, quand on pratique 1’inversion 
Clerget. 

L’asparagine, dit-il, en substance, a un pouvoir rotatoire 16- 
vogyre quand elle se trouve en solution aqueuse ou en solution 
aqueuse, alcalinis6e par la potasse, la soude ou l’ammoniaque. 
Soumise & l’influence des acides, sa rotation passe k droite, 
ainsi que l’a observ6 Pasteur. Elle subit la susdite inversion, 
au moment mEme du m61ange et il suffit de 1 Equivalent d’acide 
pour la produire entiErement. Des fractions d’Equivalent d’ac- 
ide ont paru produire des dEplacements du plan de polarisation, 
proportionnels aux quantit6s d’acide ajoutEes. 

La rotation a gauche de cette substance, son inversion d droite 
sous V influence des acides, actions gui, dans les memes conditions, 
sont exactement inverses de celles du sucre cristallisdble, doivent 
itre prises en consideration pour le dosage du sucre dans les 
divers cas ou on la rencontre, puisque dans V inversion, elle a 
pu faire commettre a ceux qui I’ont employee des erreurs ires 
consid&rdbles. 

(V. aussi Saccharim6trie) de l’Abb6 Moigno, ouvrage paru en 
1867 p. 47.) 

Clerget touche k la mEme question dans une communication 
& 1’AcadEmie des Sciences (14 Juillet 1851). Dans sa brochure 
de 1852 intitulEe “ANALYSE DES SUBSTANCES SACCHA- 
RIFERES AU MOYEN DES PROPRIfiTES OPTIQUES 
de LEURS DISSOLUTIONS. EVALUATION DU RENDE- 
MENT INDUSTRIEL” il indique le moyen suivant pour cor- 
riger les erreurs que peut causer l’asparagine quand on se sert 
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de la polarisation pour obtenir la richesse saccharine des jus de 
betteraves. 

1° Faire la polarisation du jus de pression, apr4s avoir d4- 
f4qu4 avec du sous-ac4tate de plomb; soit 77 la lecture +77° 

2° Faire la polarisation du jus inverti acide soit: —23° 

3° Faire la polarisation du jus inverti, apr4s neutralisation de 
l’acidit4 avec de la soude, soit — 26°5 

Clerget adxnet que, si on repr4sente par — 1 le pouvoir rota- 
toire l4vogyre de 1’ asparagine; il faut repr4senter par +3,5 son 
pouvoir rotatoire dans le jus acidifi4 pour l’inversion. (En 
d’autres termes, le premier est les 2-7 du second). Comme la 
diff4rence des deux lectures k gauche est de 3°, 5 (26,5— 23=3°5), 
il en conclut que l’asparagine a diminu4 la d4viation k droite de 
3 5X2 

~j — = 1, et il ajoute 1 k la polarisation directe qui devient 
alors 78. 

Le moyen indiqu4 par Clerget pour determiner et corriger 
^influence de P asparagine sur la polarisation directe des jus de 
pression pouvait paraitre exact, au moment oil il a ete publi4; 
mais je puis dire maintenant qu’il ne Test pas. 

La difference 3,5 pr4citee est, en effet, une r4sultante de 
quatre actions: action de Pacide chlorhydrique sur le pouvoir 
rotatoire du sucre inverti et des mati&res azotees; action du sel 
marin (NaCl) forme pendant la neutralisation, sur le pouvoir 
rotatoire du sucre inverti et des mati&res azotees (Voir plus loin 
les essais correspondants). 

La question soulevee par Clerget en 1852 au sujet des matures 
azotees du jus de pression de la betterave a ete reprise par M. 
Andrlik en 1907 (v. Zeitschrift de BohSme) pour la meiasse, etc. 

Dans son travail, M. Andrlik montre que Pacide chlorhy- 
drique augments, jusqu^ une certaine limite, k droite, le pou- 
voir rotatoire de Pacide aspartique et de Pacide glutamique, 
mais que le sous-ac4tate de plomb n’agit pas de la mfeme facon 
sur les deux acides: il rend dextrogyre Pacide aspartique et 
levogyre, Pacide glutamique. M. Andrlik montre egaiement 
que Pur4e et la betaine peuvent ralentir, voire m6me empfecher 
Pinversion du sucre, si la temperature d’ action n’est pas trop 
eievee. 
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Et finalement, il propose la m4thode suivante pour dviter 
l’influence des matures azot6es actives connues, dans la deter- 
mination du sucre Clerget. Elle consiste, en somme, k faire 
les deux lectures, avant et apr£s inversion, en milieu de m&ne 
acidite chlorhydrique. 

Polarisation directs. Transvaser 52 gr. de mflasse dans un 
ballon de 200 cc. ; d6f4quer avec 20 cc. de nitrate de plomb en 
solution (1 kg. de nitrate pour 2 litres d’eau) et 20 cc. de soude 
(100 gr. de soude en plaque pour 2 litres d’eau) et computer & 
200 cc.; filtrer. (Filtrat K.) 

Prendre 50 cc. du filtrat K dans un ballon de 100 cc.; aj outer 
49 cc. d’une solution contenant 6ec5 d’acide chlorhydrique k 
22° Baum4 et 5 gr. d’ur£e; completer k 100 cc.; filtrer, polariser 
soit A la lecture; 

Prendre 50 cc. du filtrat K, aj outer 25 cc. d’eau et 6cc5 
d’acide chlorhydrique & 22° Baumi et invertir suivant Herz- 
feld; refroidir; completer il 100 cc.; filtrer, polariser, soit B la 


lecture; 


On a sucre Clerget — 


200(A+B) 
143,5 —it 


M. Andrlik emploie 6cc5 d’acide, au lieu de 5 cc., chiffre pres- 
ent par la mdthode Clerget-Herzfeld pour les solutions suerdes 
pures, parce que l’acide chlorhydrique peut d4placer certains 
acides moins fixes qui se trouvent dans la m61asse, k l’£tat de 
sels, et il cherche k obtenir qu’il zeste 5 cc. d’acide chlorhydrique, 
k l’4tat fibre, pour faire l’inversion. 

Il est k noter que M. Ogilvie dans le travail de comparaison 
qu’il a fait sur la mfithode Andrlik et sur la m6thode par l’in- 
vertas a employe 5 cc. d’acide chlorhydrique k 22° Baum 6 
pour invertir (suivant Herzfeld) 50 cc. de solution normale de 
mflasse d4fdqu€e, et dont l’exc4dent 6ventuel de plomb, pass4 
dans le filtrat, avait 6t6 pr^cipit4 avec de l'acide sulfureux. 
Pour la raison qui vient d’etre indiqu4e, cette quantit4 d’acide 
peut £tre insuffisante. 

Si elle est insuffisante, la polarisation directe acide trouvfie 
par M. Ogilvie est trop faible et l’inversion a peut-£tre 6t6 
incomplete. 
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De toute fagon, le sucre Clerget-Andrlik trouv6 par M. Ogilvie 
est douteux; il est probablement trop faible. 

* * * 

Toujours dans le m§me travail de 1911 sur Fanalyse des mo- 
lasses de betteraves (V. Int. Sugar Journal 1911) M. Ogilvie a 
propose, en vue d’Oliminer F influence des matures azotOes 
actives sur le Clerget, de remplacer Facide chlorhydrique par 
Facide sulfureux (pour faire la polarisation directe atide). Voici 
la mOthode qu’il indique k ce propos, dans ‘^International Sugar 
Journal” 1911: 

Transvaser 52 gr, de mOlasse dans un ballon de 200 cc., dOfO- 
quer avec 10 k 15 cc. de sous-ac4tate k 28-30° BaumO, completer 
k 220 cc.; agiter; filtrer, prendre 100 cc. de la solution dOfO- 
quOe prOcOdente; ajouter 10 k 15 cc. de solution saturOe d’aeide 
sulfureux et completer k 200 cc.; ajouter de la p&te de papier, 
agiter, filtrer, polariser; soit A la polarisation directe atide. 

Faire Finversion, suivant la mOthode frangaise ou la mOthode 
allemande. 

La mOthode k Facide sulfureux indiquOe par M. Ogilvie en 
1911 ne resemble pas tout k fait k la mOthode qu’a dOcrite M. 
Pellet dans le Bulletin de V Association des Chimistes de Sucrerie 
et de Distillerie de France (AnnOe 1890-91 pages 439 et 624 et 
annOe 1897-98 pages 524 et 1126). 

Elle en difffere, et par le but, et par les moyens. 

Le but que poursuit M. Pellet est simplement de prOcipiter 
le plomb, passe Oventuellement dans le filtrat, pour que Facide 
chlorhydrique ajoute reste enticement k Fetat libre et puisse 
assurer Finversion complete pendant le chauffage, 1 mais, dans 
sa publication il n’est pas question des matures azotees de la 
meiasse, ni de leur influence sur le sucre Clerget. 

J’ajouterai que la precaution de pr6cipiter le plomb est inutile 
avec la quantity d’acide et la dur6e de chauffage qu’indique M. 
Pellet (20 k 30 minutes k 70°.) Elle est m§me inutile quand on 
pratique la methode co mm erciale frangaise (voir ma communica- 
tion k la Co mmis sion de la Raffinose k Berlin Septembre 1910). 

iLa defecation est faite avec du sous-acetate de plomb dont la quantite 
est proportionnee aux besoms de la meiasse, 

19 




546 


Original Communications: Eighth International [von. 


Au surplus, 1’acide chlorhydrique ajout4 ne reste pas entidr- 
ment 4 l’dtat libre, m6me quand il n’y a plus de plomb 4 pr4- 
cipiter. (Voir plus haut.) 

Les moyeus que recommandent M. Pellet pour pratiquer 
l’inversion Clerget et pr4cipiter le plomb sont les suivants: 
(Voir Bull. Assoc. 1890-91 p. 439 et 624). 

Prendre 100 cc. de solution de mdlasse d4f4qu4e et filtr4e 
(25 gr/250cc.); ajouter lg. 5 de SO 2 sous forme de solution; 
completer 4 200 cc.; filtrer (filtrat K). ^ - 

Prendre 50 cc. du filtrat K, qui contiennent -j~=0 gr. 375 
de SO*; 

Ajouter 5 cc. d’eau; polariser; soit A la lecture; 

Prendre 50 cc. du filtrat K; ajouter 5 cc. d’HCl 4 22° Baum4; 
invertir en laissant le ballon 20 4 30 minutes dans un bain pr5- 
alablement port4 4 70°. Refroidir. Affleurer 4 55 cc. ; Polariser. 

Si on a un saccharimdtre, des ballons et pipettes bien gradu4s 
appliquer les formules de Herzfeld: 

S = ^ y adu saccharose et du “glucose"). 


S = 


0,5124A— B 
0,839 


(s’il y a du saccharose et du raffinose). 


Je fais remarquer que les formules de Herzfeld s’appliquent 4 
la m4thode d’inversion Clerget-Herzfeld, mais pas 4 la m4thode 
d’inversion qui vient d’etre indiqu4e. II y a 14 une confusion. 

En 1897-98 (V. Bull. Asso. 1897-98 p. 524 et 1176) M. Pellet 
opSre de m4me; mais il part de 100 cc. de solution normale 
frangaise ou normale allemande d4f4qu4e et filtr4e. 

A 100 cc. de solution normale d4f4qu4e et filtr4e, il ajoute 
10 4 20 cc. de solution sulfureuse 4 7 gr. 5 de SOs% cc., puis 
complete 4 200 cc. Il present done Og. 186 4 Og. 375 de SO 2 
pour faire la polarisation directe, contre 2g. 15 de HC1 vrai pour 
faire 1’inversion. 

Il prescrit de nouveau les formules Herzfeld et fait remarquer 
(“Bull. Assoc. 1897-98 p. 532) que “pour des instruments 
de pr4cision, on trouve g4n4ralement un coefficient d’inversion 
se rapprochant de celui dit allemand, soit 142,66 mais que pour 
d’autres appareils on pourra 4tre amend 4 faire usage de l’ancien 
coefficient Clerget 144.” 
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II y a lli Tine erreur, puisqu’on peut obtenir les deux coeffi- 
cients avec un mime saccharimltre, suivant qu’on emploie la 
mlthode frangaise Clerget ou la mlthode allemande. Clerget- 
Herzfeld. 

Je feral remarquer aussi que les quantitls d’acide sulfureux 
prescrites par M. Ogilvie sont plus importantes que celles indi- 
qu4es par M. Pellet en 1891 et 1898. M. Ogilvie prescrit en 
effet: 

Methode allemande; 5 cc. & 7cc5 de solution sulfureuse saturle 
soit: 0gr57 k 0gr75 de SO 2 contre 2grl5 de HC1 vrai, au lieu de 
Ogr 186 It 0gr375, quantity prescrites en 1898. 

* # * 

Enfin, en 4tudiant les donnles de Clerget (1852) nous sommes 
arrives k la mlthode suivante, qui peut Itre appliqu4e aussi 
bien avec l’inversion frangaise qu’avec l’inversion allemande. 

En voici les grandes lignes, si on fait l’inversion proprement 
dite d’aprls la m4thode allemande: 

1° Prendre 50cc de solution normale neutre de m41asse 
d4f4qu4e dont l’4x4dent de plomb a 4t4 s4par4; ajouter Ncc 
d’une solution de chlorure de sodium ou de potassium pur, 
apportant en chlorure P4quivalent de l’acide chlorhydrique qui 
sera employ4 pour Pinversion; computer it lOOcc, polariser k 
20°C: soit A la lecture; 

2° Prendre 50cc de la meme solution normale; faire Pinver- 
sion avec la dose d’acide chlorhydrique n4cessaire; refroidir; 
neutraliser avec de la soude ou de la potasse en solution; re- 
froidir k 20° C, computer k lOOcc; polariser It 20°C; soit B 
la lecture 

D’oh sucre Clerget % de m41a sse— 200 (A+B) 

coeff. d’inversion— J t 

Coefficient d’Inversion — 1° Prendre 50cc de solution sucr4e 
pure ayant la mime polarisation que la solution normale de 
m41asse, ajouter N’cc de chlorure de sodium ou de potassium en 
solution apportant en chlorure l’4quivalent de l’acide chlor- 
hydrique employ4 pour Pinversion, computer It lOOcc, polariser 
It 20° C, soit A’la lecture.:; 

2° Prendre 50cc de la mime solution de sucre; ajouter 
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25cc d’eau et 5cc d’acide chlorhydrique k 22 B 6, invertir, neutral- 
iser avec de la soude ou de la potasse; refroidir k 20°, completer 
k lOOcc, polariser k 20°: soit B' la lecture k gauche; 

3° Prendre 50cc de la meme solution de sucre, completer k 
100 cc avec de l’eau; polariser k 20°, soit A” la lecture.: 

A" = 100 (A'+BQ 
x— £ t 
d’oil x = 

Nota — Pour faciliter les operations, on peut avoir des solu- 
tions de soude ou de potasse et de chlorure de sodium ou de po- 
tassium qui correspondent, sous volume connu, & l’acide chlor- 
hydrique qui sert pour l’inversion. 

* * * 

Je vais rapporter quelques experiences que nous avons faites 
et qui permettent d’edairer ou de discuter ces differentes meth- 
odes. 

Parmi les resultats auxquels nous sommes arrives, il y en a qui 
sont dej& connus; mais, pour ne pas trop allonger ce travail, 
j’ai laisse de cote la partie bibliographique. 

I — Action des Acxdes et des Sels sxjb le Sacchabosb en 

Solution 

a. Action des addes 

On sait que beaucoup d’acides ont la propriete d’invertir le 
saccharose, mfime k froid; mais le pouvoir inversif varie d’un 
acide & 1’autre. C’est ainsi que les acides organiques sont moins 
actifs que les acides min4raux, et meime, dans chaque groupe 
(mineral ou organique) il y a des differences de Fin k l’autre. 

Comme M. Andrlik propose d’acidifier avec de l 5 acide chlor- 
hydrique le liquide de polarisation directe, nous avons suivi 
Faction invertive de l’acide chlorhydrique, soit sur les solutions 
sucrees pures, soit sur les meiasses et masses cuites defequ4es, 
aprds precipitation de F4xcedent eventuel de plomb passe dans 
le produit defeque. 

Les lectures ont ete faites aux temperatures de 10°, 9 k 20°, 
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Voici les r6sultats qu’elles out doxm4s: 



Solution 
sucr6e pure 

Masse cuite 
de 2° jet 
d4f4qu4e 

Mdlasse 

d4f6qu6e 

5cc d* acide 
k 22° Be+ 
ur4e, pour 
lOOcc de so- 
lution 

6cc5 d* acide 
k 22° Baum4 
+ ur4e, pour 
lOOcc de 
solution 
d6f4qu4e 

6cc5 d* acide 
k 22® Baum4 
4* urde, pour 
lOOcc de 
solution 
d4f4qu4e 

Sans acide 

23,10 

23,10 

23,10 

2 minutes apr&s V addition de 




1’ acide 

22,92 

22,10 

21,53 

4 

22,81 

22,09 

21,50 

6 

22,75 

22,04 

21,46 

8 

22,65 

21,95 

21,40 

10 

22,53 

21,87 

21,36 

12 

22,48 

21,80 

21,31 

15 

22,39 

21,68 

21,24 


b. Action des Sels 

II y a, dans la mSlasse, des sels.organiques et des sels minSraux 
& base de potasse, de soude et souvent de chaux. 

Si on suit la mdthode Andrlik, ces sels se trouvent avant 
l’inversion, en presence de saccharose et, apr$s l’inversion, en 
presence de sucre inverti. 

Comme la m41asse contient, en moyenne, 5% de potasse et 
1% de soude, cela repr&sente, en HC1 vrai: 

Ogr 82 pour 16 gr 26 de m41asse; 

Ogr 65 pour 13 gr de m61asse; 

Soit en chlorure de potassium;: 

1 gr. 67 pour 16gr 26 de m&asse 

1 gr 32 pour 13 gr. de milasse. 

Ces chiffr es n’ont pour but que de fixer les id6es. 

Yoici quelques r£sultats d’essais qui montrent Faction des 
pala gur le pouvoir rotatoire du sucre en solution: 



550 Original Communications: Eighth International [vol. 




Polarisa- 

tion 

Differences 
avec le 
t&noin 

50cc de solut. sucr6e+50ce d’eau 

39 


50cc “ “ 

“ +4 gr. de CO s K 2 




ammener k lOOcc 

37,85 

0,15 

50cc <c “ 

“ +4gr 3 de Kcl id 

38,7 

0,30 

50cc “ “ 

“ +5,68 d’ acetate de K 2 0 . . 

38,63 

0,37 

50cc “ “ 

“ +5gr.04 de SO.K 2 

38,73 

0,27 

50cc “ “ 

“ +3gr. 6 de SOsNaj! 

38,37 

0,63 

Avec des doses croissantes de sel marin, les 
rtultats sont les suivants: 

50cc de solution sucrt+50cc d ; eau 

38,53 


50cc “ “ 

“ +4gr. de NaCl 




completer & lOOcc. . 

38,22 

0.31 

50cc “ 

“ +10gr 

37.77 

0.76 

50cc “ 

“ +12gr 

37.49 

1.04 

50cc “ “ 

“ +20gr 

36.79 

1.74 


II — Action des sels et des Acides sub le sucks Inyerti 
1 ° — Action des sels 

Une solution de sucre pur a invertie complfetement k 
l'4bullition par quelques gouttes d’acide chlorhydrique puis 
neutralist avec de la soude. 

A la solution de sucre inverti, on a ajout^ 1 les monies sels que 
ceux qui avaient employes pour la solution de saccharose. 
Voici les rtultats obtenus: 

Diff&r- 
Polari- ences 
sation avec le 
t^moin 


50cc de solution d'inverti +50cc d’eau — 10,62 

Cl l A — o trril 1 > inn 1 1 or 


50cc 

« 

tt 

+4 gr . 3 de K!C1, compl. & lOOcc 

-11,35 

0,73 

50cc 

tt 

tt 

+5g.68 d’ acetate de K*0 

a 

-11,26 

0,64 

50co 

tt 

tt 

+7gA de lactate de K*0 

tt 

-11,04 

0,42 

50cc 

tt 

tt 

+4gr. de NaCl 

tt 

-12,34 

0,72 

50cc 

tt 

tt 

+10gr. de NaCl 

tt 

-13,41 

1,79 

50cc 

tt 

tt 

+12gr. de NaCl 

tt 

-13,80 

2,18 

50cc 

tt 

tt 

+20gr. de NaCl 

tt 

-15,13 

3,51 
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Comme on le voit, ces sels, augmentent plus la deviations & 
gauche du sucre inverti qu’ils ne diminuent la deviation h droite 
du saccharose. 

Nous avons refait les mimes essais avec les mimes sels, mais 
en ajoutant une quantite d’acide chlorhydrique suffisante pour 
faire passer toute la base du sel 4 l’etat de chlorure; on prati- 
quait ensuite le chauffage Clerget avec 5cc d’acide chlorhy- 
drique libre. 

Les resultats obtenus ont ete les suivants: 



Avant Taddition de 
de Taoide 

Apr&s {’addition de 
de l’acide et Chauf- 
fage Clerget 

Polarisa- 

s&tion 

Differ, av. 
le t&noin 

Polariaa- 

sation 

Differ, av. 
1. 16. 

50cc do aolut. d’inverti+5Ccc d’eau . . 

- 9,94 
—10.79 
-10,67 
-10,54 
-10,26 
-10,60 
-10,47 

0,85 

0,73 

0,60 

0,32 

0,66 

0,53 

-10,74 

-11,26 

-11,55 

-11,16 

-11,27 

-11,40 

-11,18 

0,52 

0,81 

0,42 

0,53 

0,66 

0,44 

50oo 14 44 -Hgr. de COjK* compL lOOeo 

50co 44 44 +4gr. 3 de KC1 comp lOOcc 

50cc “ +5gr.68 d'acetate de KaO id. 

50co 44 44 4 - 7 , 4 de lactate de KjO id 

fiOco 44 44 +5,04 de siulfate de K 2 O id. 

50cc 44 4 +3,6 de sulfite de N*0 id 


Pour savoir si la solution d’inverti ne contenait pas de sac- 
charose;, on l’a polarisee en presence d’acide chlorhydrique et 
d’uree, puis aprls addition d’acide et chauffage Clerget, elle a 
donnl: 

Lecture avant chauffage — 11° 

Lecture aprls chauffage — 10°74 

La difference, avant et aprls inversion, provient de l’action 
de la cbaleur et de l’acide sur le sucre inverti. 

Somme toute, ces resultats sont du mime ordre que les pre- 
miers: ils montrent que les sels additionnls d’acide chlorhydrique 
ont plus d’action sur le pouvoir rotatoire du sucre inverti que 
sur celui de saccharose. 

2 ° — Action des acides sur le sucre inverti 

A une solution de sucre inverti, prlparle comme il vient 
d’ltre dit, on a ajoutl des doses croissantes d’acide chlorhydrique 
ou d’acide sulfureux. Voici les rlsultats obtenus: 








552 Original Communications : Eighth International [vol. 






Polarisation 

Differences 
av. le 
T6moin 

1°— Additions de HC1 

50cc de Solut. d’invertH-SOcc d’eau 

- 9,8 


50co 

44 

44 

-Kccd’acide 22° Be completer lOOcc 

4-lOoc d’acide “ 

+15cc - “ 

-10,48 

0,68 

50cc 

41 

44 

-11,00 

1,2 

50cc 

« 

<4 

-11,31 

1,51 

50cc 

44 

u 

+20oc - “ 

-11,68 

1,88 

fiOce 

<1 

<« 

2°— Additions de SO 2 

4*50cc d’eau 

- 9,8 


60co 

44 

44 

+0g.54 de SOa ) amener 

- 9,8 


50cc 

<< 

u 


- 9,79 


60cc 

4< 

44 

4*3,55 de SO 2 j 

- 9,79 



Alors que Facide chlorhydrique, employ^ sous doses crois- 
santes, augmente la deviation k gauche du sucre inverti, Facide 
sulfureux employ^ sous doses eroissantes, reste sans effet. 

Si aprfes avoir fait Finversion Clerget et la lecture k gauche 
on neutralise avec de la soude, on obtient ensuite, sur le liquid 
neutre, une deviation k gauche plus accentu^e. 

Polarisation k gauche (acide) — 7,14 

Polarisation k gauche (neutre) — 7,26 

Ces r^sultats montrent que le chlorure de sodium augmente 
plus la d5viation k gauche du sucre inverti que la quantity 
6quivalentaire decide chlorhydrique. 

Ill — Action des Acides et des sels sijr les Matinees 

AzOT^IES DE LA MflLASSE 

a. Action des Acides 

Dans les tableaux qui suivent, Facide chlorhydrique et Facide 
sulfureux sont exprim^es en acides vrais, HC1 et SO 2 en admet- 
tant que: 

10 cc. decide chlorhydrique k 22° Baum6 = 4 gr. 3 de HC1 
vrai et que 100 cc. de solution satur^e sulfureuse k 20° = 10gr. 
6 de S0 2 . 

a. Solution d } asparagine a 17 gr. environ par litre 

50cc. de solution d ? asparagine ont 6t4> additional de doses 
croissantes d’acide chlorhydrique ou d’acide sulfureux en solu- 
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tion; puis on a complete k XOOcc et on a fait les lectures au 
polarim&tre. 

1° — Additions D’acide Chlobhydbique 

Polarisation 
multiple 
par 2 


50cc de solution d* asparagine + 50cc d’eau —0,6 

50cc “ “ +2 g. 15 HC1 puis computer & lOOcc +2,82 

50cc “ “ +4g.3HCl “ “ +2,85 

50cc “ “ +6g.43HCl “ “ +2,91 

50cc “ “ +8 g . 60 HC1 “ “ +3,01 

50cc “ “ +12 g.9 HC1 “ “ +3,06 

50cc “ “ +21 g . 5 HC1 “ “ +3,05 

2° — Additions d’Acide Sulfureux 

50cc de solut. d’asparagine+50cc d’eau —0,6 

50cc “ “ +1 g. 16 SO* completer k lOOcc +2 

50cc “ “ +1 g.88 SO* “ “ +2,14 

50cc “ “ +2 g.90 SOs “ “ +2,42 


b. Solution d'Acide Glutamigue 

La solution contient environ 15 gr. par litre et on ajoute un 
peu de soude pour faire la dissolution- Void les rlsultats obtenus: 

1° — Additions d’Acide Chlorhydriqtje 


Polaris. 

75cc de solut. d’acide ghimatique+35cc d’eau —0,26 

75cc “ “ u +0,60 de HC1 amener k 110 cc. ..... . +1,33 

75cc “ “ “ +1,29 de HC1 “ “ +1,87 

75cc “ “ “ +2,15 de HQ " “ +1,89 

2°— Additions d’Acide SuxFijREirx 

Polaris. 

75cc de solut. d’acide glutamique+35 co d’eau —0,26 

75cc “ " “ +0g 54 de SO* computer k HOcc +0,93 

75cc “ “ “ +lgrl3 de SOi “ +1,46 

75cc “ c< “ +lgr88 “ +1,64 


En r6capitulant l’effet produit par ces doses Squivalentaires 
d’adde chlorhydrique HC1 et d’adde sulfureux S0 2 , on peut 
dresser le tableau suivant: 
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2 gr 15 d’HCl 1 gr 88 de SO* 

Asparagine +2,82 +2,14 

Acide glutamique +1,89 + 1,64 

Bien que les polarisations relatives k Pacide glutamique ne se 
rapportent pas aux m6mes concentrations que celles relatives k 
P asparagine, on voit n^anmoins que Pacide chlorhydrique, sous 
quantity €quivalentaires 6gales, a plus diction sur le pouvoir 
rotatoire des matures azot4es que Pacide sulfureux. 

Voyons maintenant leur action sur la m61asse. 

l e Serie d’essais 

Nous avons suivi la m6thode de defecation indiqu^e par Mr. 
Ogilvie pour pratiquer Pinversion par Pinvertase. 

Prendre 26 gr. de m&asse, d6f6quer avec du sous-ac6tate; 
computer k 100 cc; agiter, filtrer; 

Prdcipiter le plomb avec un courant de gaz S0 2 , saturer P6x- 
cddent de S0 2 avec du carbonate de chaux pur et sec en poudre; 
aj outer un peu de kieselguhr; filtrer. 


Polarisation X2 


1 ° 

mdlasse 


2o 

mSlasse 


3° 

m61asse 


1° Additions d’ Acide Chloeohtdriqub 


50cc de solut normale d6f6qu6e4-50cc d’eau 

50cc de solut 4-0g 6 de HCl; completer A lOOcc avec de l’eau 

SOcc de solut. -fOg 80 de HCl; completer k lOOcc avec de l’eau 

50cc de solut.4*2g 15 de HCl; completer k lOOcc avec de l'eau 

50cc de solut. ~f*2g 79 de HCl; computer k lOOcc avec de l’eau 

SOcc de solut. + 4g.3 de HCl; completer k lOOcc avec de l’eau 

50cc de solut + 6g45 de HCl; completer k lOOcc avec de l’eau 

2° Additions d ’Acide Sulfusetjx (SO?) 


43.48 

44.48 

45,38 

45,44 

45,60 


40,56 

42,04 

42.06 

42.07 

42.08 


43,14 

44,02 

44,36 

44,64 

44,70 

44,72 

44,72 


50cc de solution-l-50cc d’eau. 

50cc de solut, +0gr54 de SOi; completer k lOOcc avec de l’eau. 
SOcc de solut. H-Og 80 de SQ 2 ; completer k lOOcc avec de l’eau. 
50cc de solut. -f-lg 99 de SO 2 ; completer k lOOcc avec de l’eau. 
SOcc de solut. -j-2g 27 de SO?; completer & lOOcc avec de l’eau. 
50co de solut. -j-2g 45 de SO?; completer k lOOco avec de l’eau. 
SOcc de solut. -j-2g. 70 de SO 2 ; completer k lOOcc avec de l’eau. 
50cc de solut. -f-2g 85 de 80s; completer k lOOcc avec de l’eau. 
50co de solut. +3g.5S de SO 2 ; completer & lOOcc avec de l’eau. 


43,48 

43,96 

45,20 

45,30 


40,56 

40,96 

41,90 


42,06 


43,14 

43,38 

43,78 


44,58 

44,68 
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2® Serie d’essais 

Nous avons fait la defecation suivant la marche indiqu^e par 
M. Ogilvie pour la m6thode k l’acide sulfureux. 

Transvaser 52gr. de m£lasse dans un ballon de 200cc; d4fe- 
quer avec 10 k 15 cc de sous-ac£tate; completer k 200 cc (au 
Ueu de 220cc); filtrer; 

A 50cc de cette solution normale, aj outer des doses crois- 
santes decide chlorhydrique ou decide sulfureux. 


PolarisationX2 



1°— Additions d’Acide Chloehtdeiqusi 


50 cc de solution de m61asse+50cc d’eau 

50cc de aolut. + 0g60 de HC1 vrai: completer A 100. . . . 
50cc de solut. + 0g90 de HCL vrai; completer A lOOco. , 
50ccde solut. +2gl5 “ “ “ “ 44 .. 

50ccde solut. + 2g58 44 44 44 41 44 .. 

50ocdesolttM-3g87 44 44 4 4 44 44 .. 


2° — -Additions d’Acide Suuubbtjx (SOa) 


50cc de solution de mSlasse-fSOcc d’eau 

50cc de aolut. +0g. 54 de SO 2 ; completer A lOOco. 
fiOcede solut. -fOg. 80 4 4 44 44 . 

50oc 44 44 + lg.88 44 44 44 . 

50cc 44 44 +2g.26 44 44 44 . 

fiOcc 44 44 - -3g. 4 44 44 4 * . 


Comme on le voit, par les chiffres qui precedent, les quantit£s 
decide sulfureux qui sont n^cessaires pour donner la m6me 
polarisation directe que 5 cc d’aeide chlorhydrique k 22° Baum6 
(soit 2gr. 15 de HC1) ou 6 cc 5 decide k 22° Baunfe (soit 2 gr. 
79 de HC1 vrai), sont variables, d’une nfelasse k l’autre. 

Ainsi, pour la premi&re nfelasse d6fequ4e (sans plomb) il fau- 
drait environ 3 gr. 55 de SO 2 pour produire le m&ne effet que 
5cc d’acide chlorhydrique k 22° Baum4; mais il n’en faudrait 
que 2gr. 85 environ pour la deuxfeme nfelasse. 

Et ces quantity sont sup4rieures k celles que present M. 
Ogilvie et sup6rieures k celles qui sont preserites en 1891 et 
1898 par M. Pellet. 

On ne peut done indiquer, une fois pour toutes, les quantities 
d’acide sulfureux qui donneront la meme polarisation directe 
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que Tacide chlorhydrique employ^ pour ^inversion. Ces quan- 
tity varient d ? une m&asse k P autre. 

5, Action des sels mr les matieres azoUes 
1° — Solution d’Asparagine a Environ 17 gr. par Litre 


Solutions A Polarisation 

75cc de solut. d , asparagine+25 cc d ; eau +0,31 

75cc 44 44 + 4 gr de COaK*; completer k lOOcc +0,30 

75cc de solut. d , asparagine+4 g . 3 de KC1; compl. k lOOcc +0,10 

75cc 44 44 +5 g68 acetate de K 2 0 44 +0,095 

75cc 44 44 +7g. 4 lactate - 44 +0,01 

75cc 44 44 +5g04 SOiKs 44 +0,18 

75cc 44 44 +5g04 SO* Naa 44 +0,15 

2° — Solution d’Asparagine a Environ 18 gr. par Litre 

Solutions B Polarisation 

75ec de solut. d’ asparagine +25 cc d’eau —0,32 

75cc de solut. 44 +2gr. Na Cl; compl & lOOcc —0,08 

75cc 44 44 +2 g 5 Nad; 44 0 

75cc 44 44 +5 gr NaCl; 44 +0,19 

75cc 41 11 +10gr NaCl 44 +0,47 

75cc 44 44 +15gr. NaCl 44 +0,67 


3° Les solutions d’asparagine et de sels out 6td additionnSes 
decide chlorhydrique (5cc en plus de la dose n4cessaire pour 
saturer les bases) puis ehau£f6es suivant Clerget et polarises. 
Yoici les r&ultats obtenus: 

Polarisations 
ramen^es k la m&me 


1° — Solutions A dilution 

50cc de solution A+5cc HC1 +2,36 

50cc 44 avec CO*Ks+7cc 5 HC1 k 22° Baum4 +2,40 

50cc 44 “ KCl+5ccHCl 44 +2,43 

50cc 44 “ PacState de KaO+7cc, 5 Hd 44 +2,41 

50cc 44 44 lactate de K*0+7ce5 HC1 44 +2,42 

50cc 44 44 SO JK*+5cc HC1 44 +2,40 

50cc 44 44 SOiNai+7cc, 5 HC1 44 +2,40 


Si on fait les lectures, apr&s addition decide, mais sans chauf- 
fage, les polatisations k droite sont les m£mes : soit 2,40 environ 
contre 2,36. 
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Cela revient k dire aue Faction de Facide couvre k peu pr&s 
Faction des sels. 

II en est de m6me pour les solutions d ’ asparagine qui ont recu 


du NaCl. 

2° — Solutions B 

2° Solutions B Polarisations 

50cc de solution B+5 ce HC1 k 22° Baum4 (sans chauffage) +2,10 

50cc “ k 2gr. deNaCl+5 cc HC1 & 22° BaumS +2,12 

50cc “ k 5 gr. de NaCl+5 cc HC1 k “ “ +2,14 

50cc “ k 10 gr. de NaCl+5 cc HC1 k “ “ +2,16 

50cc “ & 15 gr. de NaCl+5 cc HC1 k “ “ +2,17 


Void quelques r^sultats que nous avons obtenus en prati- 
quant: 

1° la m6thode de double polarisation acide (Andrlik); 

2° la m^thode Ogilvie (par Finyertase) 1 (V Int. Sugar 
Journal 1911) 

3° la m^thode de double polarisation neutre (Saillard) 

et en faisant Finversion chimique proprement dite, d’apr&s 
la m6thode Clerget-Herzfeld. 

Pour chaque m6thode, on a fait Finversion sur 50cc de solu- 
tion normale de m61asse d6f6qu6e et apr&s separation de Fexc6- 
dent 6ventuel de plomb pass6 dans le filtrat, au moyen decide 
sulfureux (qui d4colore) ou decide oxalique ou decide car- 
bonique. (Les oxalate et carbonate de plomb sont un peu 
solubles; mais cela n'a qu'une influence insignifiante sur le 
r6sultat de Finversion chimique.) 

L’inversion chimique etait faite avec 5cc decide pour les 
solutions sucr£es pures et avec 6cc 5 pour les molasses. Les 
ballons restaient dans le bain k 70°, 5 minutes, k compter du 
moment oil le contenu du ballon accusait 69°. 

Les coefficients d! inversion ont 6t6 etablis en partant de solu- 
tions sucr6es pures donnant les m6mes polarisations que la 
m6lasse d£f6qu6e. 

C’est Berthelot qui, le premier, a montrS que la levure de bi&re secrete 
un ferment soluble qui invertit le sucre sans en provoquer la fermentation. 
(C. R. 1860) 
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1° Coefficients Diversion 



Pour la double 
polarisation 
neutre 
(Saillard) 

(V. page 8) 

Pour la double polarisation 
Andrlik 

Pour la 
m£thode k 
l'invertine 
(Ogilvie) 

Avec les deux 
lectures 
acides 

Avec la 
polarisation 
directe 
(neutre) et la 
deviation k 
gauche (acide) 

1° 

141.94 

141.18 

142.06 


2° 

141.96 

141.32 

142.12 


3° 

141.93 

141.12 

142.10 

141.18 

4° 

141.96 

141.24 

142.23 

141.05 

5° 

141.92 

141.37 

142.26 

141.21 

6° 

142.07 

141.42 

142.28 

141.07 

7° 

142.12 

141.41 

142.21 

141.20 

8° 

142.13 

141.40 

142.25 

141.11 

Moyennes . 

142.00 

141.30 

142.19 

141.13 


Nota — Les coefficients d’inversion varient plus, d’un essai k 
l’autre, quand on les 4tablit avec les deux polarisations acides; 
on en voit la raison. 


Analyses des Melasses* 


Molasses 

Polarisation directe 

| 

Polarisation directe 
Ogilvie 

Polarisation neutre 
Saillard 
(V page 8) 

Polarisation directe 
Acide 

Andrlik 

1 

44.14 

46.10 

44.4 

2 

47.04 

49.00 

47.28 

3 

40.16 

41.92 

40.46 

4 

42.30 

44.20 

42.58 

5 

42.42 

44.30 

42.72 

6 

40.14 

42.02 

a 

7 

41.88 

43.94 

it 


1 Chaque essai a dt4 fait en double et on a pris la moyenne des r&ultats. 
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Sucre Clerget 


Molasses 

Par double polarisa- 
tion (neutre) 
(Saillard) 

Double polarisa- 
tion acide 
(Andrlik) avec 
coefficient diver- 
sion relatif aux 

2 lectures acides 

M4thode 

Ogilvie 

par Finvertase 

1 

46.66 

46.32 

46.32 

2 

48.86 

48.68 

48.68 

3 

42.16 

41.90 

41.83 

4 

44.80 

44.35 

44.26 

5 

44.62 

44.23 

44.18 

6 

42.10 

41.90 

41.90 

7 

44.34 

43.98 

43.98 


Mjfii^ssES de 1911-12. Compares 1 celles de 1910-11 

II est maintenant bien 6tabli que la m6thode Clerget com- 
merciale frangaise, de m§me d’ailleurs que la m^thode Clerget 
commerciale allemande, dounent un sucre Clerget trop faible, 
surtout avec les molasses qui ont une forte teneur en azote, comme 
cela arrive le plus souvent dans les ann6es sfeches. 

A titre dedication, je vais citer les r6sultats moyens que 
nous avons obtenus en comparant les molasses de 20 Usines 
frangaises en 1910-11 et en 1911-12. Les 20 usines ont 6td les 
mfones pour les deux campagnes. 

Le Clerget ordinaire a 6t4 dtabli suivant la mdthode commer- 
cial© frangaise qui est la suivante: 

Prendre 32gr. 6 de m61asse neutre dans un ballon de 200cc; 
d$F6quer avec 20cc de sous-ac6tate k 28°-30° Baum6; completer 
k 200cc, filtrer, polariser (Filtrat K) : soit A la polarisation directe; 

Prendre 50cc du filtrat, aj outer 5cc d’acide chlorhydrique k 
22° Baumd; porter le ballon k 68-70° en 10 ou 12 minutes; 
extraire le ballon du bain et le laisser refroidir spontan4ment k 
Fair jusqu’& 40°, puis dans un courant d’eau, jusqu^ 20°. Af- 
fleurer k 55cc avec de Feau. Filtrer, polariser: soit B la lecture 
rapportde k lOOcc du filtrat. 
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„ ™ A 100(A+B) 

Sucre Clerget = 

Pour faire la polarisation directe acide, prendre 50cc du fil- 
trat. Ajouter lOcc d’une solution contenant 5cc d’ acide chlor- 
hydrique et de l’ur4e; ajuster au trait 60cc, filtrer, polariser, 
soit: 

A' la lecture ramen4e & la solution normals 
d’ou Sucre Clerget acide = 

II est vrai que le coefficient d’inversion 144 se rapporte & la 
solution normale du sucre pur et que la m41asse ne contient 
qu’environ 50% de sucre; mais il s’agit lit d’une m4thode con- 
ventionnelle. 

D’ailleurs, il n’est pas bien certain que les coefficients d’in- 
version & employer pour la m41asse sont forc4ment les m6mes 
que pour les solutions sucr4es pures de m4me teneur en sucre. 
Il faut tenir compte, en effet, de l’influence des sels de la m41asse 
(Voir plus haut) 

J’ajoute que les 5cc d’acide ajout4s, pour l’inversion, suffi- 
sent, dans le cas pr4sent, pour assurer l’inversion complete pen- 
dant la dur4e de chauffage et de refroidissement (V. Circ. held. 
1908) i 

Void done les r4sultats moyens qui se rapportent aux m41asses 
de 20 usines fraagaises pendant les deux demises campagnes: 

Campagne Campagne 
1910-11 1911-12 


Azote total pour 100 de mati£re seebe 2 2.62 

Polarisation directe ordinaire % de meiasse 47,41 47,73 

Polarisation directe acide id 48,41 49,62 

Sucre Clerget ordinaire id 46,23 47,14 

Sucre Clerget (double lecture acide) id 46,96 48,57 

Difference entre le Clerget acide et le Clerget ordinaire. 0,73 1,43 

Difference entre la polarisation directe acide et la 
polarisation directe ordinaire 1,00 1,89 


Si on faisait intervenir les coefficients d’inversion qui se rap- 
portent aux solutions sucr4es pures, de m4me teneur en sucre, 
le sucre Clerget ne se trouverait modifi4 que 14g4rement et les 
diff4rences (Sucre Clerget acide — Sucre Clerget ordinaire) 
resteraient sensiblement les m4mes. 
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Je note, en passant, que le Clerget acide des molasses de 
1911-12 a ete, en moyenne, superiour k la polarisation directe 
ordinaire, alore que, pour la campagne 1910-11, on remarque 
le contraire (il s’agit de r6sultats moyens se rapportant 4 20 
usines). 

En ResumIs 

1° — Les sels les plus courants de la meiasse de betteraves 
diminuent moins la deviation It droite du saccharose qu’ils 
n’augmentent la deviation & gauche du sucre inverti corre- 
spondant. 

II semble done difficile de determiner le sucre Clerget exact des 
meiasses de betteraves (dans l’etat actuel de nos connais- 
sances). 

2° — L’acide chlorhydrique augmente la deviation & gauche du 
sucre inverti; mais 1’ acide sulfureux est sans action sur elle; 

3° — Les sels courants de la meiasse ont une action sur le 
pouvoir rotatoire des matures azotees actives de la meiasse ils 
le font passer de gauche & droite. Une fois la deviation k droite 
realisee, elle augmente jusqu’a une certaine limite, si on aug- 
mente la dose de sels et l’action varie d’un sel k 1’autre. 

Ajoute-t-on de 1' acide chlorhydrique k la solution de matures 
azotees (acide glutamique, asparagine) et de sels? Les rotations 
k droite deviennent sensiblement egales (pour les doses essayees). 

4° — Sous quantites equivalentaires egales, l’acide chlorhy- 
drique augmente plus le pouvoir rotatoire & droite de l’aspar- 
agine, de l’acide glutamique, que l’acide sulfureux. 

5° — L’aoide chlorhydrique employe pour la polarisation di- 
recte des solutions sucrees puros produit toujours une diminution 
de la lecture, mAme s’il est melange avec de l’ure© et si on fait 
la lecture, mfime s’il est melange avec de l’uree, et si on fait le 
lecture en 2 ou 3 minutes. L'acide sulfureux n’invertit pas le 
sucre pendant le temps que dure la polarisation directe k 20°; 
mais on ne peut indiquer, une fois pour toutes, les quantites 
d’acide sulfureux qui donnent, avec les mdlasses, la m^me de- 
viation & droite que l’acide chlorhydrique employe pour l’inversion 
Cette quantite peut varier d’une meiasse & 1’autre, surtout si les 
meiasses contiennent du sucre inverti. L’acide sulfureux, k 
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l’encontre de l’acide chlorhydrique, n’a pas d’action sur le 
pouvoir rotatoire du sucre inverti). 

6° — La m4thode & l’acide sulfureux ddcrite par M. Ogilvio en 
1911, ne ressemble pas k la m4thode k l’acide sulfureux indiqufie 
par M. Pellet en 1891 & 1897. Elle ne lui emprunte que l’emploi 
de l’acide sulfureux. Elle en difffere par le but, par les moyens 
d’action, les quantity d’aeide sulfureux, la dur6e de chauffage, 
dans le bain & 70°, l’interpr4tation des formules habituelles. 

M&ne avec les modifications apportdes par M. Ogilvie en 1911 
et qui comportent plus de SO 2 , elle ne peut &tre recommand6e 
pour les mdlasses de betteraves. 

7° — Le moyen indiqu6 par Clerget en 1852 pour annhiler 
l’influence des mati&res azot4es actives sur le sucre Clerget 
(ajouter k la polarisation directe les 2-7 de la difference entre 
la polarisation & gauche du liquide inverti neutre et du liquids 
inverti acide ne peut 6tre recommand4. 

8° — On peut employer, pour determiner le Clerget des molasses 
normaies de betteraves, soit la m4thode de double polarisation 
acide Andrlik (dans le voisinage de 20° de temp4rature) soit la 
m4thode Ogilvie par l’invertase, soit la m4thode de double po- 
larisation neutre avec emploi de chlorure de sodium ou de 
potassium pour la polarisation directe (Saillard). 

Ces observations ne s’appliquant pas forcdment au cas ou la 
m41asse de betteraves contient de la raffinose en quantity 
marquees. 

9° — La mdthode fran^aise Clerget, comme d’ailleurs la m4thode 
Clerget-Herzfeld qui sont employees pour l’analyse commerciale 
des molasses, donnent un sucre Clerget toujours trop faible et 
qui est surtout trop faible avec les molasses contenant beaucoup 
d’azote (comme c’est surtout le cas dans les anndes &4ches). 




PHENOL-FORMALDEHYDE CONDENSATION 
PRODUCTS 

L. H. Baekeland 
Yonkers , N. Y. 

The resinous or amorphous products resulting from the action 
of phenolic bodies upon formaldehyde have lately attracted con- 
siderable attention on account of their rapidly increasing applica- 
tions for industrial purposes. 1 

It is questionable whether this general designation of “con- 
densation products of phenols and formaldehyde” should be 
maintained much longer. Indeed, it is well known that these 
products can be obtained without the use of so-called formalde- 
hyde. In fact, the first condensation products thus described 
were produced without the use of formaldehyde,* and it is 
generally accepted that other methylen compounds, for instance, 
methylai, trioxymethylen, hexamethylentetramin, etc., can 
replace formaldehyde in this reaction. The fact that hexa- 
methylentetramin can suitably replace formaldehyde in the 
formation of the infusible phenolic condensation products was 
published as far back as December 31, 1907, by Lebach.* 

Lately, I have succeeded in producing fusible resinous con- 
densation products identical with those described by Blumer, 
DeLaire, etc. 4 by introducing a mixture of salicylic acid and an 

> Baekeland: “The Synthesis, Constitution and Uses of Bakelite,” Journal 
of Industrial and Engineering Chemistry, Vol. 1, No. 3, 1909, page 149. “On 
Soluble, Fusible, Resinous Condensation Products of Phenols and Formalde- 
hyde,” Journal of Industrial and Engineering Chemistry, Vol. 1, No. 8, 1909, 
page 545. “Recent Developments in Bakelite,” Journal of Industrial and 
Engineering Chemistry, Vol. 3, No. 12, 1911, page 932. 

> Berichte 5 page 1905; 19 page 3004 and 2009,* 25 page 3477; 27 page 2411. 

* Knoll patent, Belgium, No. 204, 811, December 31, 1907. Ditto. Wetter 

(Knoll) British patent No. 28009-1907, owned by the Bakelite Gesellsohaft of 
Berlin. fr'H#! !| M 

4 Baekeland, “On Soluble, Fusible, Resinous Condensation Products of 
Phenols and Formaldehyde.” 
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inorganic acid in the cathode compartment of an electrolytic 
cell in which sodium chloride is electrolyzed, a mercury cathode 
being used. According to the well known reaction of Kolbe, 
the carboxyl group of salicylic acid is introduced by reacting 
with CO 2 on phenolate of sodium. So that we have here 
an example of the possibilitiy of introducing indirectly the 
methylene group as CO 2 , then reducing the carboxyl group 
by means of nascent hydrogen. A similar observation has 
already been recorded by Velden, 1 who expected to get 
oxybenzyl-alcohol by reducing salicylic acid but obtained the 
corresponding saliretin-body resulting from the dehydration of 
phenol alcohol. 

However, the designation “phenol-formaldehyde condensation 
products” has been so generally used, that for awhile at least, we 
shall have to submit to it as a matter of routine. 

In the same, way, we are erroneously designating as “formal- 
dehyde” a commercial aqueous solution containing some real 
formaldehyde or methylenoxide, CH 2 O, with much methyl- 
englycol, methylal, trioxymethlyene, hydrates of trioxymethy- 
lene, other polyoxymethylens, etc., all compounds of methylen 
of which the technical value is equivalent in this reaction to that 
of true formaldehyde. 2 

The direct relationship of the resinous condensation products 
to phenol-alcohols or their anhydrides, seems now pretty well 
established: The so-called fusible soluble resinous condensation 
products are merely varieties of the saliretins, 3 and all these 
products differ only from each other by greater or lesser fusibility, 
solubility, or hardness, and each of these properties can be modi- 

1 Velden Joura. Prak. Chemie. (2) 15 page 164. Jahresbericht 1877, 
page 337. 

* Baikov. Chem. Ztg., 26, 135; 12; 11 (1901). Kekule, Ber., 25, 2435. 
Harries, Ber., 34, 635. Compt. rend., 124, 1454; Bull. soc. chim. 17, 849. 
F. Auerbach, also Auerbach and Barschall, Arb. kais. Gesundh., Band XXII, 
Heft 3 and Band XXVII, Heft 1, Verlag Julius Springer, Berlin. 

» Beilstein, Organ. Chemie, Vol. 2, 1896, page 1109. R. Piria, Ann. Chem., 
48, 75; 56, 37; 81, 245; 96, 357. Moitessier, Jahresbericht, 1886, page 676. 
K Kraut, Ann. Chem., 156, 123; Gerhardt, Ann. China. Phys. (3) 7, page 
215. F. Beilstein and F. Seelheim. Arm. Chem. 117, page 83, C. Sehotten, 
Berichte, 1878, page 784. 
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fied at will. Furthermore, we have the means at hand of pro- 
ducing all these bodies dioctly from phenol-alcohols. 1 

The formation of ortho- and para-oxybonzyl-alcohol, or their 
homologs, by Manasse and Lederer, is sufficiently well known 2 ; 
this process consists in the direct action of one molecule of 
phenol on one molecule of formaldehyde in presence of one mole- 
cule of NaOH under special conditions. 

Then DeLaire 3 showed that these same phenol-alcohols can 
be transformed industrially by dehydration into fusible resins 
or saliretin products suitable for commercial purposes in place 
of shellac, copal, or other natural resins. In that process, it is 
not necessary to first produce the phenol-alcohol in pure form, 
and the two reactions can be carried out practically at the same 
time, so that the phenol-alcohol is dehydrated to saliretin resins 
as soon as it forms. 

This is accomplished more directly by reacting with phenol on 
formaldehyde in presence of an acid, 4 provided the reaction be 
carried out under suitable conditions. One of the required con- 
ditions is that the phenol should be in excess so as to avoid the 
formation of variable amounts of infusible and insoluble products. 
A fusible soluble saliretin can thus easily be prepared which has 
all the appearance of a resin: it melts if heated and solidifies by 
cooling; it is soluble in alcohol and acetone; it can be maintained 
in fusible condition for very long periods, without becoming 
infusible or insoluble, provided heating be carried on below oertain 
temperatures, and provided the excess of phenol be not removed. 
This fusible rosin and its preparation has been described by Blumer, 
and DeLaire as a “shellac substitute,” or “resin substitute 5 ”; 
by Baekeland, who calles it “Novolak, 5 " and lately again by Ayls- 

i Baekeland, “On Soluble, Fusible Resinous Condensation Products of 
Phenols and Formaldchydo,” Journal Industrial and Engineering Chemistry, 
Vol. 1, No. 8, 1909, page 545 

> Journal Praitische Chcmie (2), vol. SO, page 224. Bor. 1894, 2409/2411; 
D. R. P. Bayer, 86588; U.S P. Manasse, 626786; 1894. 

« DeLaire British Patent. 15517/1905; D. R. P. 189262. 

* Blumer Brit. Pat. 6823/1903; 12880/1902; DeLaire French Patent 361, 
539; Wetter (Knoll) Bnt. Pat. 28009/1907; Knoll French Pat. 395, 657; 
Bayer, D. R. P. 237786; D. R. P. 201, 261; Brit. Pat. 26317/1907; etc. 

«Loo. dt. 

• Journal Industrial and Engineering Chemistry 1909, page 545. 
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worth, who calls it “phenol resin. 1 ” In whatever way it be ob- 
tained, whether by using a phenol-alcohol (DeLaire, Baekeland); 
whether by starting from phenol and formaldehyde in the presence 
of oxyacids (Blumer) or in the presence of mineral acids (DeLaire, 
Thurlow, Bayer), or by the action of phenol on formaldehyde with- 
out adding condensing agents, (Story 2 ) (or Aylsworth) loc. cit.) 
the product is absolutely the same in its chemical and physical 
properties. Its melting point or fusibility may be modified at 
will by varying the amount of free phenolic body. This free 
phenol exists in solid solution in the mass and can be eliminated 
by merely physical methods; by the partial elimination of this 
free phenol, the fusibility and the solubility of the resin are de- 
creased. The last traces of free phenol cling tenaciously to these 
saliretin resins; so much, indeed, that at one time, I was inclined 
to believe that this small amount of phenol was chemically com- 
bined. Indeed, the last traces of phenol cannot be expelled by 
heating at the lower melting temperatures of the product. There 
is nothing strange in this, if we take into consideration that phenol 
itself has a relatively high boiling point, and we know of numerous 
examples where colloids retain, physically, small amounts of other 
bodies which form therewith colloidal solid solutions. As long as 
there is some excess of phenol present in the saliretin, it is possible 
to maintain the mass in fusion for a practically indefinite time, 
provided the temperature be not raised too high. Pure saliretin, 
containing no excess of phenol, may be kept in fusion for some 
time, but after awhile it polymerizes and becomes less fusible 
until finally it changes into some infusible product. However, 
it should be noted right here that this latter product, although 
it is infusible, does not possess the maximum mechanical strength 
nor hardness, nor general chemical and physical resistivity, of 
those other polymerized infusible products, of which I will speak 
later on, and which are obtained by reacting with a sufficiently 
larger amount of formaldehyde, or equivalent methylene com- 
pounds, and which have been designated as Bakelite C. 

It is possible to expel the slight excess of phenol which lends 
special fusibility to the so-called fusible resins; this can be accom- 

i U. S. Pat. 1029737. 

> Austrian _P at. 30844, page 2 lines 17 to 20. 
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plished whether these resins be called “shellac substitutes,” 
“Novolak,” or “phenol resins,” or whether they be made directly 
from phenol alcohols, or from phenol and formaldehyde with or 
without acid condensing agents. Indeed, plain heating at 300° 
C. to 350° C. or better, heating in vacuo, or in a current of an 
inert gas, like nitrogen, easily expels the free phenol, and pro- 
duces infusibility. The same result is readily obtained by 
entraining the free phenol by blowing superheated steam through 
the molten resinous mass. 

These facts are corroborating proofs to others which establish 
clearly the saliretin-nature of these fusible products, and demon- 
strate their relationship to the phenol-alcohols from which they 
are derived. If these fusible resins are prepared directly from 
phenol and formaldehyde, the preliminary formation of phenol- 
alcohol may escape our notice, because by the action of heat on 
the mixture especially in presence of acid bodies, the penol- 
alcohols are rapidly dehydrated to saliretin products. But it is 
quite possible to demonstrate their presence, and my assistant, 
Dr. A. H. Gotthelf, while preparing fusible resinous condensation 
products, by boiling a mixture of phenol and formaldehyde, 
acidulated by means of HC1, has been able to extract from this 
mixture, well defined crystals of oxybenzyl-alcohol before the 
heat had accomplished its resinifying action. 

It is self-evident that as soon as high temperatures are applied 
to such mixtures, the formed phenol-alcohol will quickly undergo 
resinification, because the phenol-alcohol will be dehydrated to a 
saliretin product as soon as it is formed. 

If there is an excess of phenol present, or if the formaldehyde 
reacts in insufficient proportions, which amounts to the same 
thing, a fusible saliretin will be the result. 

In the absence of an excess of phenol, but using, however, a 
restricted amount of formaldehyde or other methylen compound, 
a polymerized infusible saliretin will be produced. 

But whenever we succeed in bringing into reaction a sufficient 
amount of formaldehyde or its equivalent, then a much harder, 
much stronger and more resistive infusible body than an infusible 
saliretin, will be formed, and this body of maximum strength and 
resistivity is identical with Bakelite C. 
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If we first produce the pure crystalline phenol-alcohol, contain- 
ing no excess of phenol, for instance crystalline saligenin or 
oxybenzyl-alcohol, and if we heat it gently, it will simply dehy- 
drate and be transformed in a fusible mass which on cooling, 
solidifies to a resinous product — a fusible salirelin resin. The 
latter submitted to the further action of heat, polymerizes and 
becomes an infusible, insoluble saliretin. This polymerization 
is facilitated, by the presence of small amounts of catalyzers, for 
instance, hydrochloric acid. The presence of an excess of phenol 
retards polymerization; hence the infusibility induced by poly- 
merization will be retarded, and this so long until some way or 
another the excess of phenol has been expelled. The infusible 
polymerized saliretin obtained by heating phenol-alcohols con- 
taining no free phenol, or by heating fusible saliretin containing 
no free phenol, is insoluble in alcohol, but swells in acetone; it 
soften decidedly on heating, although it is no longer fusible. 
Longer heating does not harden it further, nor make it more re- 
sistive. It is harder, stronger, and more resistant to physical and 
chemical agents than the fusible saliretin from which it is derived; 
in this respect, it surpasses even more the soluble fusible resins 
described by Blumer, 1 DeLaire, 2 Baekeland 3 and called “phenol 
resin” by AylsworthA But even after polymerization or harden- 
ing has been carried as far as possible, it is considerably less hard 
and less strong and less resistant to physical and chemical agents, 
than the polymerization products resulting from the reaction of 
phenol on a sufficiently larger proportion of formaldehyde or 
equivalent substances. 

In order to obtain the latter polymerization products of 
maximum strength, hardness, and maximum resistivity, an 
adequately larger amount of methylen group must be introduced 
before or during the act of polymerization. The introduction 
of this methylen group may be accomplished by at least three 
distinct methods: 

First method: Reacting directing with a sufficient amount of 
formaldehyde, or its equivalents upon phenol. 

Second method: Reacting with formaldehyde or its equiva- 
lents on phenol-alcohol. 

1 s » * Loc. dt. 
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Third method: Producing a fusible dehydration product of 
phenol-alcohols or saliretin products, then reacting thereon with 
formaldehyde or its equivalents. 

The following diagram describes very well all these relations. 

Phenol + formaldehyde (or equivalents) under varying reacting 

CONDITIONS FORM DIFFERENT BODIES 


GROUP X. 

Initial or Partial Condensa- 
tion Product or Product A: 
liquid, pasty, or solid, but fusible 
and soluble. I . 


I 

GROUP XX. 

Phenol Alcohols: oxybenzyl- 
alcohol, saligenin, etc. 


Product B: or intermediate 
product: (Brittle when cold, 
elastic when hot, but infusible; 
swells in acetone without dis- 
solving. By further application 
of heat is transformed in final 
Product C.) 


i X 

Pinal Product C: infusible, insolu- 
ble and of maximum hardness, strength 
and resistivity. Called by different 
authors: “Bakdite C,” “Final conden- 
sation product/' “ultimato infusible* 
product,” “Infusible phenolic-conden- 
sation product.” Hardness, strength 
and resistivity decidedly superior to 
that of the end product of Group II. 


Products of dehydration: Fusi- 
ble and soluble, with or without 
excess of phenol; called by different 
authors: “Saliretin, or Sauretin- 
Resins; ” “Shellac or Resin 
Substitutes ” (Blumer, DeLaire, 
etc.); “Novolak” (Baekeland); 
“Phenol-resin” (Aylsworth). 

I S 

§ 

METHOD HI. fc 


Polymerized Saliretins: sub- 
stances of limited solubility or in- 
soluble and of high melting point 
or infusible. Less hard, less strong, 
and less resistive than Bakelite C. 
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First Method or Direct Method. Direct Action of 
Phenol on Formaldehyde 

Phenol can be made to react on formaldehyde or its equivalents 
at sufficiently high temperature so as to produce directly an 
infusible insoluble polymerization product of maximum strength 
and hardness (Bakelite C). In this reaction, the main require- 
ment is that a sufficient amount of formaldehyde or its equiva- 
lents should enter into reaction. For this purpose, it is not 
necessary nor sufficient that the required amount of formalde- 
hyde be merely present, because some of the formaldehyde may 
not enter into reaction or be lost during the operation. The 
principal requirement is that the formaldehyde should react in 
sufficient amount on at least a portion of the phenol present, even 
if some of the latter remains uneombined in the mass. 

By the use of suitable methods, this reaction can be interrupted 
at its initial stages, so as to produce initial or partial condensation 
products which are temporarily fusible and soluble before further 
application of heat has changed them. These initial condensation 
products may be liquid, or pasty, or under specially favorable con- 
ditions, for instance by the use of small amounts of some bases, 
they may be prepared in solid form. At any rate, they are soluble 
in alcohol and acetone, and the solid variety is fusible. These 
fusible soluble initial products should not be confounded with the 
further advanced and intermediate product B, as described in my 
paper on “The Synthesis, Constitution and Uses of Bakelite.” 
because the latter is insoluble and infusible, although it has not 
acquired the maximum hardness and resistivity which further 
application of heat will bring forth by changing it to condition C. 

Further action of heat upon these fusible and soluble initial 
condensation products will ultimately cause polymerization and 
produce the final infusible and insoluble product of maximum 
hardness, maximum strength, and maxim um chemical resistivity 
(Bakelite C). 

By heating mixtures of phenol and formaldehyde in suitable 
proportions, at sufficiently high temperatures, for a s uffic iently 
long time, chemical condensation may take place without the 
Journal Industrial and Engineering Chemistry, Vol. 1, No. 3, 1909 page 149. 
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addition of condensaling agents or catalytic agents; however, 
under such unfavorable condition, the action is too slow and too 
difficult to control for technical purposes. 

By the addition of acids or acid salts, the reaction may be has- 
tened to the point of becoming violent. But the presence of 
acid bodies tends to develop disturbing side-products which lessen 
the technical value of the final product. Furthermore, in pres- 
ence of an acid reacting mixture, whenever there is a sufficient 
excess of phenol, we do not obtain the infusible, final product, 
but resins of the fusible saliretin — or “shellac substitute” — type. 
Things go quite differently if small amounts of bases are present 
during the reaction. 1 Small quantities of bases prevent radically 
the formation of fusible soluble saliretin products (shellac sub- 
stitutes, Novolak, phenol-resin, etc.) and insure the formation 
of infusible, insoluble, final products, even in presence of a decided 
excess of phenol. If the phenol be used in excess, it will be found 
in the final product as a solid solution. In fact, the excess of 
phenol may be exaggerated to the point that the final product 
becomes very flexible or assumes a gelatinous appearance, and 
swells considerably in certain solvents, like phenol, or alcohol, or 
acetone, without, however, entering into complete solution. In 
any case, this free-phenol-containing substance is infusible; in 
other terms, the application of heat can no longer liquify it, 
although higher temperatures may char or destroy it. 

This behavior of the bases constitutes a radical difference with 
that of acids or other acid-reacting bodies. Whenever acid- 
reacting bodies are used in conjunction with an excess of phenol, 
or an insufficient amount of reacting formaldehyde, (which 
amounts to the same thing), they tend to produce fusible soluble 
resins, while under exactly the same conditions and with the same 
proportions of phenol and formaldehyde, small amounts of bases 
develop surely infusible polymerized bodies as ultimate products. 

In this method, the bases should be used in relatively moderate 
amounts; not in molecular proportions, as Manasse and Lederer 2 
utilize them for making phenol-alcohols, nor as DeLaire* employs 

* See Baekeland U. S. P. 942, 809. 

•Loc. oit. 

• Loo. at. 
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them to produce the fusible resinous dehydration products of 
these phenol-alcohols. Neither should they be used in such large 
quantities nor under such conditions as Hcntschko 1 recommcnied 
for the manufacture of certain antiseptic compounds. 

If the amount of base be properly restricted, the reaction pro- 
ceeds very regularly and remains under easy control. The base 
acts as an excellent accelerator, both in the condensation and in 
the polymerization. The use of bases under above mentioned 
conditions enables one to carry out the reaction with utmost 
uniformity and certainty of results. 

At first sight, the importance of these seemingly modest facts, 
is not very apparent; no more than the value of the observation 
that sufficient counterpressure permits quick polymerization at 
high temperatures without risk of porosity; no more indeed than 
the realization of the fact that the final product with its great 
hardness, its strength and other splendid qualities, is unelastic 
and is woefully deficient for most industrial purposes where great 
resistance to shock or vibration is required, and that the incor- 
poration of suitable fibrous materials improves all this by modi- 
fying the shattering wave induced by impact. Yet these are the 
three main factors which have enabled us to harness into technical 
service, an elusive laboratory reaction, and have rendered possible 
the creation of a new industry which is gaining daily in impor- 
tance. 

It has been shown 2 that small amounts of ammonia or amines 
may be used to good advantage for this purpose. It is a well 
known fact 3 that ammonia or ammonium salts, in presence of 
formaldehyde produce instantly a corresponding amount of hexa- 
methylentetramin. In the same way, if any ammonia be added 
to a mixture of phenol and formaldehyde, a corresponding amount 
of hexamethylentetramin is produced, which can easily be oxt- 
tracted from the mixture. This fact was confirmed by Lebach, 
and can easily be ascertained by direct experiment. 4 It is self- 

1 Hentsehke D. It. P. 157,553. * Baekeland U. S. Pat 942,809. 

» WoM, Ber. 19, 1892; Tollens, Ber., 17, 653; Carl Goldschmidt, page 29. 

Bonn. Verlag von Friedrich Cohn. 1903; Cambier, Brochet, Compt. rend., 
120, page 557. 

‘ Lebach, Zeitschnft angewandte chemie. 1909, page 1600. 
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evident that instead of a mixture of phenol and formaldehyde 
and ammonia, an equivalent amount of hexamethylentetramin or 
hemmethylentetramin-triphenol 1 may be used. 

So that in the preparation of these bodies, formaldehyde can 
be replaced by hexamethylentetramin; this was already published 
by Lebach in the patent literature as far back as the end of 1907. 2 
Whether the phenol mixture be prepared with ammonia or with 
hexamethylentetramin, its properties are practically the same, 
and on heating, both mixtures engender the same product, with 
final evolution of ammonia gas. 

Whatever be the methods employed, this reaction is strongly 
exothermic, and heat is set free in the two phases of the reaction; 
first in the condensation stage, by which the initial condensation 
product is formed, and water is separated; then again in the final 
hardening when the product becomes infusible by polymerization, 
a considerable disengagement of heat takes place anew. If the 
substance be heated in thin layers, this self-heating may be un- 
observable on account of the heat losses, under such conditions; 
if, however, the mass is thicker or bulkier, and more specially if 
it be contained in a mold, this self-heating becomes very disturb- 
ing, and liberates gaseous or volatile products which cannot 
escape before the mass sets to infusibility; this causes the mass to 
swell and raise and to become porous, and makes it practically 
worthless for almost all technical purposes. This was the stum- 
bling block which former investigators tried to avoid by conduct- 
ing the hardening at very low temperatures, or by the use of suitar 
ble solvents which tend to moderate the reaction. This tendency 
towards foaming exists also if acid condensing agents are used, 
or even if no catalytic agents are added at all. The liberated 
gaseous products may vary according to conditions; in some cases, 
they may consist largely of formaldehyde gas, which tends to 
escape before the reaction is accomplished; if ammonia be used, 
and more so if hexamethylentetramin be employed, varying 
amounts of ammonia gas will be set free. 

i The addition product of phenol and hexamethylentetramin. See Beilstein, 
Handbuch der Organiechen Chemie, Third Edition Vol. II, page 661. 

i Knoll Belgian patent, loo. cit., and Wetter (Knoll) British patent, loc. 
dt. 
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Specially when hexamethylentetramin is used, the evolution 
of ammonia is very abundant, and this naturally increases the 
tendency to foam and to give a porous final product. This 
tendency to foam becomes pronounced only at temperatures 
above 100° C., because at these increasing temperatures the 
exothermic reaction sets in. It should be noted that temperatures 
considerably higher than 100° C. are those which are employed 
in almost all commercial applications of these products, because 
they allow quick hardening and quick molding. At such high 
temperatures, polymerization proceeds very rapidly, but the 
exothermic reaction superinduces a further spontaneous increase 
of the temperature of the mass, and in this way, the defect of 
foaming is considerably more pronounced. 

This tendency to foam, makes it of the utmost technical impor- 
tance, whenever high temperatures are employed, for quick coia- 
mercial work, that the liberation of gaseous or volatile products 
during the polymerization or hardening process, should be o|)- 
posed by a suitable counter-pressure. The latter may be applied 
in various ways; for instance, by heating in closed molds, or in 
closed vessels, so that the imprisoned gases develop a suitable 
counterpressure; or by heating in a chamber in which air or other 
gases have first been pumped to a suitable pressure; or by heating 
in a hydraulic press. In the latter case, the first function of the 
pressure is to counteract the development of gaseous products, 
while at the same time, the mass is given the desired shape in the 
mold. 1 

For other applications, like varnishes or lacquer, where the 
material is applied in thin layers, the use of counterpressure is 
not indispensable. 

As stated above, the use of ammonia or hexamethylentetramin 
increases the tendency to foam. On the other hand, small 
amounts of fixed alkalies, like caustic soda, act as more powerful 
accelerators than ammonia or hexamethylentetramin, without 
causing the evolution of disturbing ammonia gas or other gases. 
In this, and other respects, the fixed alkalies have decided advan- 
tages over ammonia or hexamethylentetramin, as well as over 
add-condensing agents. For instance, they permit rapid harden- 

» Baekeland, U. S. Patent 942,699. 
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ing at the relatively low temperatures of 70° to 95° C.; further- 
more, as soon as beginning solidification has set in, the tempera^ 
ture can be raised quickly to 110°, 120°, 160° C. At these higher 
temperatures, the hardening proceeds with great intensity and 
without fear that the gas bubbles should cause porosity. If the 
heating be carried to the hardening temperature, before all the 
water has been first expelled, then the only necessary precaution 
will be to keep the temperature sufficiently below 100° C. so that 
no steam should be evolved, which might cause blisters; but as 
soon as the mass has been heated long enough at these lower 
temperatures, so that it has solidified sufficiently, the temperature 
can be raised with impunity above the boiling point of water. 
As soon as these higher temperatures become available, the polym- 
erization to final hardening advances very rapidly. 

For many purposes, it is simpler to drive off the water at 
temperatures below the polymerization temperature, either by 
drying in vacuo, or by drying in a stove at ordinary pressure at 
moderate temperatures, for instance 50° C. or below. Such dried 
material can now be submitted directly to relatively high tempera- 
tures without risk of blistering or foaming. This gives us the 
very best means for rapid hardening, as required by commercial 
processes. The use of these fixed alkalies has enabled us to carry 
on hardening and molding at a faster rate than is possible with 
ammonia or hexamethylentetramin, or other means, and at the 
same time to produce molded articles of better heat resisting 
qualities, of highest resistivity to solvents, chemicals, and of 
excellent dielectric properties. For many electrical purposes, 
the fact that no free ammonia exists in the mass, is a further 
advantage; indeed, this free ammonia is slowly liberated by heat 
from molded articles and sometimes may play rather disturbing 
pranks. It has a tendency to corrode brass articles. 
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Second Method 

Action of formaldehyde or its equivalents on phenol alcohols; 
I have described this process in 1908. 1 

It has been shown that the best results are obtained if the 
amount of formaldehyde is at least one-sixth of a molecule as 
calculated to one molecule of phenol-alcohol. This same ratio 
holds good if substances equivalent to formaldehyde or to phenol- 
alcohols are used. 

This method has enabled us to gain clearer insight in the rela- 
tions of all infusible condensation products to the phenol-alcohols, 
and has furnished us the theoretical means for determining the 
optimum quantitites of reacting materials in our technical 
methods of manufacturing. 

However, this process is more of theoretical than of practical 
interest, in as far as the third method accomplishes substantially 
the same result by starting from the anhydrides of phenol-alcohols. 


Third Method 

Action of formaldehyde or its equivalents, (Paraform, hexa- 
methylentetramin, etc.) on saliretin-resins: The method is 
another indirect method and consists in first preparing a saliretin- 
resin of the fusible soluble type, then reacting thereupon with 
formaldehyde or an equivalent of formaldehyde. 2 This method 
was first published by Lebach at the end of 1907. 3 

In these patents, it is clearly mentioned that paraform and 
hexamethylentetramin are equivalent to formaldehyde in the 
preparation of condensation products. Furthermore, it is 
described how the condensation products may be prepared in two 
successive steps by adding the formaldhyde or hexamethylen- 

l The Synthesis, Constitution, and Uses of Bakelite; loc. at. See also 
Baekeland Belgian addition patent #213,570; Baekeland French addition 
patent #11628 

*Baekeland U. S. Patent No. 1. 038,475, granted after interference with 
Aylsworth. 

*Knoll Belgian patent No. 204,811, Dec. 31, 1907, and Wetter (Knoll) 
British patent 28009/1907, all owned by the Bakelite Gesellschaft, of Berlin. 
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tetramin, or other equivalents, in two successive quantities. 
Briefly stated, the process consists in first preparing a fusible 
saliretin-resin, then to this resin is mixed a second quantity of 
formaldehyde, paraform, or hexamethylentetramin; this mixture 
submitted to heat produces the infusible product “C”. In 
reality, we prepare here, in two steps, a product which is practi- 
cally similar to the solid initial condensation product described 
in the first or direct method. In that method, the initial con- 
densation product is obtained more directly by the addition of a 
sufficient amount of formaldehyde to phenol, in presence of 
ammonia, or other bases, or by the equivalent use of hexamethy- 
lentetramin or paraform. In the first or direct method, the 
reaction between the phenol and the formaldehyde ensues under 
elimination of water due to so-called chemical condensation. In 
the present case, however, a portion of the formaldehyde is first 
made to react on an excess of phenol, bringing about a correspond- 
ing elimination of water by chemical condensation; but in as far 
as the amount of formaldehyde is insufficient, a fusible saliretin- 
resin is formed. In order to transform the latter into the product 
“C”, it is necessary to supply an additional amount of formalde- 
hyde or some paraform, or hexamethylentetramin, etc. Hence the 
necessity of adding a certain amount of those methylen com- 
pounds to the fusible saliretin-resin, before the mass is submitted 
to hardening or polymerization by heat. The chemical reaction 
of the methylen compound on the fusible saliretin-resin, is accom- 
ied by the further elimination of water, which can easily be 
demonstrated by direct experiments. 

If hexamethylentetramin is used, an abundant liberation of 
ammonia takes place at the same time; but even with the use of 
the latter, a certain amount of water is liberated by the action of 
the hexamethylentetramin on the free phenol contained in the 
fusible soluble saliretin-resin. 

Barring those minor differences in preparation and proportions, 
the final product “C” is practically the same as what is obtained 
by the first or direct method as described above. 

If hexamethylentetramin be added to the fusible resin, and 
heat be applied, the violent exothermic reaction which ensues 
causes an abundant liberation of ammonia gas. The mass 
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rises like bread, and a hard spongy product is the result. Ayls- 
■worth 1 utilizes this foaming to prepare this substance in powder 
form by first producing porous masses of the final condensation 
product which can more easily be crushed to a fine powder than 
if solid lumps of this refractory material have to be pulverized. 

In molding processes where high temperatures are needed, so 
as to insure quick hardening, this violent liberation of ammonia 
gas can easily be counteracted by suitable counter-pressure. In 
this case, the pressure is not only required for shaping the article, 
but first and foremost, for avoiding porosity. This can easily be 
demonstrated by heating the mass in an open mold, at the same 
high temperature as is used in the press; under these conditions, 
direct application of these high temperatures causes foaming and 
porosity, unless suitable counterpressure be applied. 

It has been claimed that by the use of hexamethylentetramin 
in connection with perfectly dry fusible soluble phenol-resin, no 
water is liberated, which is supposed to be an advantage for 
certain applications where high dielectric properties are required. 
However, it should be noted that such fusible soluble phenol- 
resins all contain considerable amounts of free phenol and by the 
action of hexamethylentetramin on this phenol, water is formed 
besides the ammonia that is set free. 

Moreover, the presence of large quantities of free ammonia is, 
if anything, more objectionable for certain purposes than the 
possible presence of small amounts of water. 

It is true that free ammonia can be expelled by sufficiently 
long afterdrying of the molded articles, but by the same means 
it is just as easy to expel the last traces of water. This most 
striking fact is that there is no serious difficulty in obtaining arti- 
cles of extremely high dielectric properties, even when starting 
from raw materials containing considerable amounts of water, 
provided the manufactured articles be submitted afterwards to 
a drying treatment which can be performed in any suitable drying 
stove. 

It should be noted that almost all molded commercial articles 
made of phenol-formaldehyde condensation products contain 
various amounts of fibrous materials, preferably wood-pulp or 

•Aylsworth Belgian patent 240,116. 
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finely divided sawdust. These organic fibrous materials, at the 
high temperature at which the molding in the hydraulic press 
takes place, (140° to 160° C, or over) begin to liberate variable 
amounts of water and other products of decomposition, which 
depress the dielectric properties. This is another reason why all 
molded articles intended for purposes where high dielectric pro- 
perties are essential, should be submitted to oven-drying after 
they are molded. Those who are unfamiliar with the technical 
side of the subject may ask why it would not be simpler to omit 
altogether the use of fibrous organic materials. They might 
suggest the use of asbestos. But asbestos has other drawbacks, 
which limit its use. For instance, asbestos is a relatively poor 
insulator, and the strength imparted by its fibres is not so great 
as that imparted by vegetable fibre; furthermore, its specific 
gravity makes the articles compounded therewith very heavy; 
moreover, any asbestos compositions which have to be machined 
or milled, are very severe on the tools. Another objection is that 
asbestos compositions do not take the excellent and easy polish 
which can so easily be developed on articles made with wood- 
fibre compositions, nor do they possess the elasticity and strength 
of the latter. 

It might also be suggested to drop entirely the use of any fibrous 
material, and to use amorphous or pulverulent fillers. But the 
technical requirements forbid this. Indeed, the main char- 
acteristic of the final phenol-formaldehyde condensation products, 
is that although they are exceedingly hard and resistant, and 
have a remarkably high crushing strength, their flexibility and 
elasticity are very limited. In regard to these latter qualities, 
they occupy a position between hard rubber and glass. A sudden 
shock or limited bending shatters them, and this would restrict 
enormously their technical applications. I found that the 
shattering wave induced by impact could be considerably modi- 
fied by the suitable introduction of fibrous or cellular materials, 
like wood-fibre. This behavior is quite different from that of 
other plastics like celluloid, or rubber, which lose their best and 
characteristic qualities by the incorporation of filling materials. 
The phenol-condensation products, on the contrary, are enor- 
mously improved for commercial use, if compounded with filling 
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materials, provided the latter be of a fibrous nature; in the latter 
ease, they lose their natural brittleness, can stand shock and 
impact, without shattering; they can be rendered flexible and yet 
maintain all their other excellent properties of high resistivity to 
physical and chemical agents. 

Hence, some of the most important industrial applications of 
these condensation products are precisely those where they are 
used in conjunction with fibrous bodies; for instance, they serve 
to impregnate fibrous materials like wood, pulpboard, and to 
indurate the latter, or to agglutinate firmly loose fibrous sub- 
stances, like wood-fibre or fine sawdust, which then act as a 
structural skeleton distributed throughout the indurated mass. 

This important technical result is easily demonstrated by com- 
paring the enormous strength and resistance to impact or shock 
of molding compositions containing wood-fibre with others con- 
taining the same amount of structureless filling materials, for 
example, powdered materials. Compositions made with the 
latter will be found incomparably more brittle and very much 
less appropriate, if not entirely unsuitable for most industrial 
purposes, and more specially for molded articles where great 
strength is required. 

Other important technical results are accomplished with the 
use of filling materials; for instance, the highest dielectric prop- 
erties have been rendered possible by the joint favorable action 
of fibrous materials and heat and pressure. 

It might be cited here that paper impregnated with these 
condensation products, and submitted to hardening under heat 
and pressure, has made it possible to manufacture sheets which 
show an astonishingly high disruptive test (puncture test), 
averaging 77,000 volts a. c. on sheets of iV, of an inch thick, 
corresponding to 1230 volts per mil or about 48,500 volts per 
millimeter. 

Under these favorable conditions, the vegetable fibre of the 
paper is thoroughly impregnated with the condensation product, 
and the high pressure has excluded the possibility of porosity 
induced by foaming. 



THE NATURE OF THE RESINOUS CONSTITUENT 
AND ITS INFLUENCE ON THE QUALITY OF 
RUBBER 


Clayton Beadle and Henry P. Stevens, 

London Bridge, England 

Caoutchouc always occurs in association with resinous matter 
in rubber yielding latices, in what form is at present unknown. 
The globules may consist of caoutchouc and resin in intimate 
association or some of the globules may consist of caoutchouc 
only and some of resin only. In the latter case a difference in 
the microscopic appearance might be expected, depending on a 
difference in the refractive indices. We have subjected latices 
to careful microscopic observation but have never noted any 
difference in the appearance of the globules from secondary 
tissue which could be attributed to difference in composition, 
but in the case of latex derived from the primary tissues (leaf 
petioles) of Hevea trees 1 the proportion of caoutchouc globules 
of normal appearance was small but the percentage of resinous 
matter, although higher than in normal latex, was not high 
enough to account for the small proportion of globules of normal 
appearance. The majority of the globules were about one third 
the size of typical caoutchouc globules with a lower refractive 
index. We recently instituted some further experiments on this 
point. It is well known that caoutchouc dissolves, but not very 
readily, in ordinary ether. Ether has a coagulating effect on 
latex, but by suitable dilution and adjustment of other details 
it is possible to extract latex with successive portions of ether 
in a separating funnel. If resin globules exist separately from 
caoutchouc globules, we should expect to extract practically all 
the resin with the first ether treatment, the resin being probably 
more soluble than the caoutchouc. We separated the latex into 
three fractions of 11 grams, 11.5 grams and 6 8 grams of dry 

‘Beadle and Stevens, Journal of the Society of Public Analysts 
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solids respectively, which on extraction with acetone for C hours 
in a soxhlet yielded 2.56%, 2.44% and 2.16% respectively of 
resins. Had the latex contained isolated resin globules wo 
should have expected a much greater difference between the 
resin contents of the three extracts. The result is interesting but 
not decisive. The proportions in which caoutchouc and resin 
are found in rubber vary within wide limits; as examples we 
have Jelutong or Dead Borneo, derived from the latex of a spe- 
cies of Dyera. The dry solids in this case contain roughly ten 
per cent, of caoutchouc, the remainder consisting mostly of 
resins (non-saponifyable). Good class rubbers such as those 
derived from Ficus elastica or Castilloa elastica 1 will contain 
from five per cent, in the former up to ten or fifteen per cent, 
in the latter, according to the age of the trees. Finally, well 
prepared Hevea rubbers contain only one to three and one-half 
per cent, of resinous matters, taking this as determined by ace- 
tone extraction. Higher figures than these are sometimes met 
with in the case of smoked sheets and are probably due to the 
absorption of some soluble constituant from the smoke. The 
average figure for sheet and crepe rubbers (1st latex) is about 
2.5%. The relatively wide variations cannot be accounted for 
by the method of preparation, i. e. sheet or crepes. Lower 
figures are obtained by the separation of water soluble 
constituents from the acetone extract and subtracting the 
former from the latter. The proportion of acetone extracted 
matter soluble in water varies considerably. Also acetone does 
not extract the whole of the water soluble constituents as the 
figures obtained by direct water extraction of the rubber (1) may 
be higher than those obtained by water extraction of the ace- 
tone extracted matters (3). Also the acetone extracted rubber 
yields a further extract when treated with water. (4) 

By direct extraction with water in a soxhlet pale crepes give 
usually .4% to .5% extract, pale sheets rather more and smoked 
sheets 1.0% to 1.5%. 

The following figures for extracts may be quoted* 

‘Beadle and Stevens, Lectures on India Rubber, p. 232. 
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a) 

(2) 

(3) 

(4) 




Acetone 

Acetone 




soluble 

extracted 


Water 

Acetone 

extracted 

rubber 


soluble 

soluble 

with 

extracted 




water 

with water 

1. Pale crepe 

.44 

3.18 

.60 

.90 

2. Smoked sheet 

1.40 

3.84 

.56 

, 

3. Ditto another sample .... 

1.24 

3,64 

.82 

.44 

4. Medium pale sheet 

.68 

3.92 

1.50 

— 


All these figures are given as percentages reckoned as the 
original dry rubber. (3) represents the water soluble portion 
of (2). 

Taking sample 1, it is curious to note that the sum of the 
water soluble material in the 3rd and 4th columns amounts to 
1.5% while by direct water extraction, as in column 1, only 
.44% solids was obtained. A repetition of the experiment gave 
substantially the same results. Sample 3, columns 3 and 4, bal- 
ance column 1 satisfactorily. 

The residues left from acetone (resin) extraction experiments 
offered a suitable material for physical examination. The ex- 
tracted rubber (plantation Hevea pale crepe) was mixed with 
sulphur in the ordinary fashion and vulcanized alongside of a 
portion of the same rubber which had not been extracted. 
Thore was a striking difference in the feel of the two vulcanized 
specimens, the acetone extracted specimen being soft and weak 
compared with the untreated rubber. It seemed as if the ace- 
tone treatment had in some way slowed the cure. The extracted 
specimen in some respects resembled a very much undercured 
compound. Wo therefore cured some of the compound at a 
higher temperature, but the product was not appreciably im- 
proved. We could hardly credit the removal of two to three 
per cent, of resin with such far-reaching effects on the quality 
of the rubber, and were inclined to attribute the deterioration 
rather to the treatment than the loss of resins. It was co- 
ceivable that heating in acetone vapour for several hours might 
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have some depolymerising or other effect on the caoutchouc. 
We therefore proceeded to prepare further samples by extrac- 
tion in the cold. In this scries we included with the Para rubber 
a specimen of Rambong ( Ficus elastica ) rubber prepared by one 
of us in the East some time previously. The samples in crepe 
form were immersed in acetone in stoppered bottles put away 
in a dark cupboard. From time to time the acetone was poured 
off, distilled and put back again. The extraction was continued 
for 3J months, at the end of which practically the whole of the 
resins were removed and the crepe, apparently unaltered in 
feel or appearance, was hung to air dry. The amounts of dry 
substance extracted in the two cases were — Para crepe 3.05% 
and Rambong crepe 7.04%. The rubbers were not mixed and 
vulcanized straight away but allowed to hang for three months to 
give them every opportunity for recovery, should the treatment 
have had any physical effect upon them. 

The rubbers and duplicates, which had not been treated in any 
way, were then mixed with 5% of sulphur and all samples cured 
for 3 hours at 135°, 139° and 148. 5°C. 

The following table gives the results of physical tests on these 
samples for the cures nearest to those most suited to the indi- 
vidual rubbers. The samples were vulcanized in 1909, that is to 
say, are now about three years old. 

Hevea Rubbers 


Results of tests on one-week old specimens 
Cure 3 hours at 139°C. 



Breaking strain 

Elongation oiiginal 

Present condition 


grams persq mm. 

length = 1 


Untreated . . 

1974 

10 5 

Perished 

Extracted . . 

1553 

8 5 

Perished 


Cure 3 hours at 135°C. 


Untreated . . . 

999 

10.8 

Good 

Extracted . . . 

515 

7.1 

Partly perished 
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Rambong Rubbers 
Cure 3 hours at 148. 5°C. 



Breaking strain 

Elongation original 

Present condition 


grains per sq.mm. 

length =1 


Untreated .... 

1 

■ ■ 

Perished 

Extracted 


HbBH 

Perished 


Cure 3 hours at 139°C. 


Untreated .... 

775 

12 7 

Good 

Extracted 

871 

11.1 

Perished 


In regard to the Hevea specimens: — 

It is apparent from the above tests that extraction under the 
most carefully regulated conditions lowers the quality. The 
specimens are weaker and less elastic after curing, but perhaps 
the most striking effect is deterioration on keeping. The cure 
at 139°C. is a little too high and both samples are overcured and 
have perished on keeping. The cure at 135°C. is not far from the 
best suited, the unextracted sample after three years is in fairly 
good condition but the extracted sample is extremely weak, 
although not wholly perished. 

The same effects are seen with the Rambong specimens, 
although perhaps to a lesser degree. We tried a number of 
other cures which were found quite unsuitable and are not 
therefore given here in detail. The outstanding feature was the 
soft flabby lifeless feel of the resin extracted and vulcanized 
rubbers in contrast to the unextracted ones, although the raw 
rubbers appeared as if unaltered. 

To ascertain if this effect were due to the nature of the solvent 
we made one further series of tests with Hevea crepe, using 90% 
alcohol in the place of acetone over a period of four months. 
1 . 94% of resins were extracted, that is about two-thirds of the 
total extract obtained by repeated extraction with hot acetone. 
The mixing contained a proportion of zinc oxide. 

The vulcanized specimens were 20 months old when tested. 
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That from the untreated rubber was in fair condition but that 
from the extracted rubber had a soft, flabby feel, although it 
could hardly be described as perished. 



Breaking strain 
gins persqmm 

Elongation at 
rupture Origi- 
nal length = 1 

% elongation at 
constant load 
(60 gms ) 

Subpermanent 
set % 

Untreated 

Extracted 

I ' 

■ 

6 3 

5 8 

44 2 

76 2 

3 8 

12 6 


The deterioration produced by extraction of resin or the 
greater part of it is very apparent. The effect produced is 
similar whether the solvent be alcohol or acetone and in the 
latter case whether employed hot or cold. It is not possible 
to say whether the deterioration is due to the loss of resin or to 
some physical effect of the solvent on the rubber. Further ex- 
periments are in progress for the solution of this problem. 








THE PROLONGED ACTION OF MIXED ACID ON 
CELLULOSE 


Jasper E. Crane 
Arlington, N. J. 


In the course of some experiments made by the writer in 1907 
an attempt was made to determine what products would be 
obtained if cellulose was exposed to the action of nitrating acid 
for a long time until the cellulose had completely dissolved in 
the acid. In the experiment described in the following, the 
course of this reaction was studied by analyzing the acid mixture 
and the cellulose nitrate at different times. No studies of this 
nature have yet been published, although several investigators 
have nitrated cellulose for long periods of time; as long as 16 
days. The experiments by Hake & Bell, 1 Berl & Klaye 2 and 
G. Lunge, 8 were for studying the effect of time on the nitration 
of cellulose rather than the formation of by-products and de- 
composition products, as in this experiment. Hauesserman 4 
has studied the product formed by dissolving cellulose in nitric 
acid and precipitating with water, but quite different products 
are obtained here. 

In order to affect as little as possible the composition of the 
acid bath, a sample of cellulose was given a short nitration in 
mixed acid of the same composition as the acid bath used in the 
experiment. The product was washed and dried and was then 
completely soluble in methyl alcohol, ether-alcohol, etc., and 
contained 11.37% nitrogen. The acid bath had the following 
composition: 


iJ.Soo.Ch. Ind. 

> Z. ges. Schiess u. Sprang 

* Z. f. ang. Ch. 

* Z. ges. Sohiess u Spreng 


1909 : 457. 

1907: 403-6. 

1906: 2051-58. 

1906: 39 and 1908 : 303. 
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63.30% HsSO* 

18.11% HNOs 
.10% N 2 0 3 
18.49% H 2 0 

10 grams of the anhydrous nitrated cellulose were immersed in 
1000 grams of the mixed acid in a stoppered bottle, sealed, and 
allowed to stand at room temperature, 20 to 25° C., for a total 
time of nearly four months. At the end of this period the cellu- 
lose nitrate was entirely decomposed and dissolved and the acid 
bath had become a clear liquid. During this period the pyroxylin 
and acid were sampled from time to time by shaking the bottle 
thoroughly and quickly pouring a portion of its contents upon 
a platinum cone, held in a funnel which delivered the acid into 
a bottle. 

By shaking the bottle before each sampling the same concen- 
tration, or proportion of pyroxylin to acid, was kept throughout 
the course of the experiment. 

The pyroxylin remaining on the cone was washed in water 
until neutral, dried, desiccated and examined. The percentage 
of nitrogen was determiend in a Lunge nitrometer, a test made 
for fixation of basic color to indicate the degree of hydration 
(methylene blue being the color used), and the solubility in 
various solvents taken. The acid was analyzed in the usual 
manner for sulphuric and nitric acids. The low oxides of nitro- 
gen were determined by a colorimetric method and oxalic acid 
was determined by precipitation as calcium oxalate. Checks 
on these two determinations were obtained by titrating against 
potassium permanganate solution, which determined the total 
oxidizable matter in the acid. 

The table below gives the composition of the mixed acid at 
each sampling; the percentage of nitrogen in the pyroxylin and 
the milligrams of methylene blue fixed by 1 gram of the cellulose 
nitrate. The curves show the percentage decrease and increase 
of the various constituents during the course of the experiment, 
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Mixed Acid 



Pyroxylin 

Time 

HiSCb 

HNOi 

N.O. 

HaCaO* 

HaO 

% Nitrogen 

Mg. Methylene Blue 
per 1 g. 

Days 

0 

63.30 

18.11 

.10 


18.49 

11.37% 

2,3 mg. 

1 

63.34 

17.93 

.18 

— 

18.55 

11.99 


2 

63.38 

17.93 

.18 

— 

18.51 

12.15 

1.4 

7 

63.25 

17,81 

.25 

.10 

18.59 

12.19 

1.5 

14 

63.26 

17. 74 1 

.29 

.12 

18.59 

12.13 

0,7 

42 

63.27 

17.46 

.37 

.17 

18.73 

11.99 

3.2 

71 

63 30 

17.17 

.49 

.31 

18 73 

11.92 

6.9 

117 

63.37 

15.45 

1.19 

.41 

19.58 

— 

— 


Examination of the data shows that the percentage H2SO4 
in the acid remaind constant throughout, the percentage 
HNO a decreased steadily, 2.66% of nitric acid being reduced; 
the low oxides increased 1.09%, and the percent water increased 
1 . 09%. The reaction expressed in its simplest form is as follows : 

2 HNO3— N2O3+H2O+3O. 

The oxygen reacting with the cellulose nitrate caused a gradual 
oxidation. From the equation above 2.66% H 2 O s would pro- 
duce 1.60% NaOs as against the increase in N2O3 of 1.09%, 
indicating that some of the nitrogen oxides left the acid in the 
form of the less soluble NO; it being established by Robertson 
& Napper 1 that cellulose nitrate in decomposing evolves NO 
and NOs. 2 . 66% HN Os would produce . 38% of water as against 
1.09, increase as found, the balance coming from the decompo- 
sition of the cellulose molecule. The reaction mixture contained 
1% cellulose nitrate, or 0 . 285% carbon. This would yield 0.83% 
oxalic acid instead of 0.41% as found, showing that the oxida- 
tion was only half finished. 

The percentage of nitrogen in the pyroxylin reached its 
maximum in 7 days and began to decrease at the 14th day. 
The physical appearance of the pyroxylin up to and including 
the 7th day was normal; at the 14th day the pyroxylin became 

»J. Ch.Soc. 1907: 764-786. 
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tender and began to break up in small pieces; on the 71st day 
the decomposition had proceeded so far that the pyroxylin was 
in the form of small flakes until finally on the 117th day it was 
completely dissolved. The fixation of basic color coincides with 
the percentage of nitrogen and the physical appearance of the 
pyroxylin showed that the dehydrating action was continued 
up to the 14th day, after which time the molecule was broken 
down and became further hydrated. 

The course of the reaction was a steady, but very gradual 
oxidation of the cellulose molecule, accompanied at first by a 
slight dehydration and later by considerable hydration; at 
first by nitrating action and later by a slight denitration. The 
intermediate substances formed are undoubtedly very complex, 
but the end product is oxalic acid. Remarkable stability, or 
resistance, to mixed acid is shown by the cellulose molecule. 



OF miXED fcC)D ON CELLULOSE 







Sti-CALLED ‘‘OSAGE ORANGE RUBBER” — -A PROD- 
UCT OF KANSAS 

Charles P. Fox 
Akron, Ohio 

Dispatches dated Lawrence, Kansas, November 10th, 1912, 
and, widely published by the press throughout the United States, 
announced the discovery by Professors Emerson and Roess of 
the chemical department of the University of Kansas, of rubber 
or a rubber-like substance in the fruit of the common osage 
orange. 

The osage orange is a small native tree of the southwestern 
section west of the Mississippi River. Named from the Osage 
Indians, whose original home was on the banks of the Osage 
River in Western Missouri. This tree furnished these Indians 
with their bows and its fruit made their war paint. It was the 
Bois-d’-arc of the early French trader. 

In its native habitat on the rich alluvial soil it reaches the 
height of sixty feet, and is a foot or more in diameter. In the 
north we know it only as a hedge plant. 

It is easily recognized by its bent and erratic branches, tough 
fibrous bark, hard yellow wood, red roots, deep green, alternate, 
obovate entire leaves on long supple thorny branchlets, and 
large, greenish yellow fruit full of sticky milky juice. It is 
this intense stickiness that gives the idea of rubber. 

Large trees furnish a hard durable timber used in wheels and 
posts. Its greatest use is as a hedge plant and for this purpose 
on account of its hardiness (will grow as far north as Albany, 
N. Y.), rapid and vigorous growth, ability to withstand the 
drought, indifference to the quality of the soil, its power to 
repel stock, its cheapness and ornamental appearance, it can 
not be surpassed. Its drawback is the long surface roots and its 
great drain upon the soil fertility. During the early seventies, 
considerable areas were planted out as source for silkworm 
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forage. The fruit is worthless excepting for its seed for propar 
gating. The possibility of a dual value of the fruit from rubber 
and seed, and the wide area over which it could be grown aroused 
considerable excitement among the rubber people of Akron. 
Theoretically, the fruit should yield rubber, the osage orange 
being one of the Artacarpaceae, a tropical order of 240 species 
distributed among 31 genera. The economic products given by 
this family embraces poisons, foods, fruits, rubber, timber and 
ornamental plants. Assam and “flake” rubbers belong here. 

Four genera, Ficus, Morus, Broussonetia and Toxylon (Ma- 
dura) are represented in the United States. 

Our tree is the Toxylon pomiferum. In many respects its 
fruit resembles that of the jack fruit tree of Borneo. The durian 
is the favorite fruit of the Malay. Durian rubber is of low grade, 
soft and resinous. 

The great interest shown in the Kansas rubber led us to com- 
plete an investigation begun in 1904. The notes are: 

“Ripe fallen fruit gathered in the latter part of Oct., imme- 
diately after frost. Fruit sound full of milky juice and retaining 
the characteristic odor of the fruit. Examination made while 
fruit was yet fresh. Selected apples were sliced, crushed in the 
washing rolls, the pulp and juice transferred to a flask, thoroughly 
extracted, first with acetone (to dehydrate), then with warm 
benzole and carbon-bisulfid, followed by hot water and -finally 
with weak ammonia water. The organic solvent solutions were 
combined and evaporated. The hot water extracts were kept 
separate and evaporated. Evaporation and drying of these 
extracts were performed in a vacuum dryer. 

1. Extract from acetone, benzole and carbon-bisulfid treat- 
ments amounted to 5.51%. 

2. Extract from hot water treatment was 3.91%. 

3. Extract from the ammonia water treatment was 6.76%. 

Total extract was 16.18%. 

1. The organic solvent extract was jet black, hard, brittle 
when cold, melting at 60 degrees to a black tar like mass, taste- 
less, slight odor of the original fruit and waxy feel, saponifies 
almost completely, the resulting alcaline solution giving up a 
bulky reddish brown precipitate on addition of a slight addition 
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of acid. This product melts in hot water to a reddish brown 
resinous mass. 

The benzole treatment of the crude extract leaves a slight 
amount of a black friable powder soluble in water (water extract 
accidently present). 

Addition of an excess of acetone to the benzole solution did 
not give a precipitate. (Absence of rubber.) 

The acetone solution resulting from the above operation gives 
when evaporated, a jet black solid with many of the properties 
given above. Most important and peculiar characters are: 

Insolubility in naphtha (characteristic of Spiller’s resin); a 
benzole solution was precipitated by naphtha. Carbon-tetra 
chloride solution of the extract when treated with the bromine- 
iodine rubber reagent gave, on standing, a black, thick, soft 
product easily soluble in Weber’s reagent (indicates a decom- 
position product of rubber). Sulphur Chloride precipitated from 
the benzole solution a yellow powder. Reaction immediate; 
very small quantity of the reagent required. Solution did not 
gelatinize (differs from rubber). The yellow powder was par- 
tially soluble in acetone, and wholly soluble in alcoholic potash, 
with strong disagreeable sulfur odor, characteristic of the sulfur 
chloride compounds of low grades resinous rubbers. 

The extract did not give a definite reaction when fused with 
sulfur. All things considered the resin resembles a decomposi- 
tion product of rubber, but lacks the characteristic odor of these 
compounds. The substance may be an immature stage of 
rubber: it is hardly a polymer. 

It may be possible that the fruit of this tree, when grown in 
the hot dry climate of southern Kansas produces a true rubber. 
It would be interesting to compare fruits from the two sections. 
It may be interesting to note that the resin is soluble in benzole, 
carbon and acetylene-tetra chlorides, chloroform, carbon-bisul- 
fid, nitro benzole, aniline, glacial acetic acid, methyl and anyl- 
acetates, xylol, alcohols, phenol, toluol and essential oils. Slowly 
soluble in ether. 

Insoluble in naphtha, fixed oils and glycerine. 

S. Hot-water Extract 

Solid, shinine. black, friable, bitter taste, chicorv odor: does 
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not melt, chars with a light flame and nitrogenous odor. Easily 
and completely soluble in cold water. Solution neutral or 
slightly alkaline. Alkalies do not precipitate. Alcaline earths 
give brown precipitates. Mineral acids give black precipitates. 
These precipitates melt and float in the boiling liquid: liquid 
portion turns red. Organic adds do not give this reaction. 

Solution of salts like barium, lead and iron give similar brown 
precipitates. Formaldehyde and gelatine solution do not react. 
Fehling’s solution is not reduced by the original solution; in- 
verted solution gives a tannic acid odor but does not give a 
glucose reaction (not a glucoside), or the gelatine or iron tests 
for tannin. The general characters of this extract are similar to 
that obtained from the guayule plant. 

The reddish black powder is insoluble in the usual rubber and 
resin solvents. Slightly soluble in hot glacial acetic acid, cold 
glycerine (slowly on standing). Partially soluble in cold concen- 
trated sulfuric acid, boiling chars the substance and reduces the 
acid. Partially soluble to a wine-red solution in cold concentrated 
nitric acid. Insoluble in either cold or hot concentrated hydro- 
chloric acid. 

S. Ammonia Water Extract 

Dull black, solid, harder and less soluble than the hot water 
extract. The crude material is evidently a mixture of two or 
more substances, probably an albuminoid, and pectic acid. 
The only constituent found being of any particular interest to 
the manufacturer of rubber goods, is the resin-like substance. 
This material on account of its great similarity to cheap resins, 
the small quantity present in the fruit, the low yield of fruit per 
tree (only stammate trees bear fruit), the length of time (10 
years) to grow a tree to bearing age and the small scattered 
acreage now planted, is not likely to influence the rubber trade 
to any extent. 

If any great benefit arises from the stimulated interest in the 
osage orange, it will be in the utilization of this tree in the pro- 
duction of a valuable timber upon waste land. 

The most interesting point presented by the subject is whether 
the Kansas grown fruit|of this tree is really any different from 
that of the Ohio grown fruit. 



ON SOME PRELIMINARY OBSERVATIONS REGARD- 
ING THE CAUSES OF NATURAL CHANGE IN THE 
LATEX OF HBVEA BBASILIENSIS; AND ON 
THE DEPOLYMERISATION OF CAOUT- 
CHOUC AND ITS CONVERSION 

G. Stafford Whitby 
Straits Agency 

As a result of observations made in the East on the latex of 
cultivated Hevea Brasiliensis, the author has been led to the 
hypothesis that, in order adequately to explain the changes that 
spontaneously occur in such latex, it is necessary to assume the 
activity of four agencies, namely: a coagulating enzyme, an oxi- 
dase, anaerobic putrefaction, and aerobic putrefaction. 

The Obvious Changes in Latex 

Immediately latex issues from the tree, careful testing will 
show it to be faintly alkaline; but its reaction begins to change 
at once; and within a very short time (say half an hour) the 
latex is faintly acid. If some undiluted latex (not as a thin film, 
in whioh evaporation is a factor; and not in direct sunlight) 
is now allowed to stand in the air, the acidity will gradually 
increase; and the latex will, within a few hours — ten, at the 
most — have become a solid mass. Coagulation is not absolutely 
complete, since a little milky liquid can be squeezed from the 
mass. There is no smell— or, rather, merely the slight smell 
associated with fresh latex; the whole is perfectly white; and 
the liquid and coagulum are acid. If the latex is now allowed 
to stand further for twelve hours— i. e., over night— it will be 
found that the mass now smells decomposed; the surface is 
yellow or light yellow-brown, alkaline, and slimy; the liquid is 
still acid and so is the mass of the coagulum under the surface; 
and probably the under surface and lower parts of the sides of 
the coagulum are lacunose, owing to the development of bubbles 
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of gas. If the mass is allowed to stand for a longer period, it is 
found merely that the above condition is accentuated; the 
alkaline slime becomes somewhat deeper, and the mass becomes 
more putrid, but no darkening of the coagulum occurs. Through- 
out, the serum remains milky. 

The rate of change and its products are considerably altered 
if the latex is diluted. The amount of alteration depends chiefly 
upon the amount of dilution to which the latex is subjected; 
but, in general, the effect of dilution is: 1.) greatly to retard the 
formation of a coagulum; 2.) to retard the appearance of an 
alkaline reaction at the surface; 3.) to allow oxidative discoloura- 
tion of the coagulum; 4.) to avoid the generation of gas bubbles 
and thus of lacunae in the slowly-forming coagulum. It would 
appear, in fact, that the series of changes leading to coagulation 
and putrefaction in a concentrated latex, takes place much more 
slowly if the latex is diluted; with the result that secondary 
reactions have time to occur. 

A number of observations were made with the object of 
examining more closely the changes thus noted and of elucidating 
their causes. 

The Oxidase: Hevease 

As a result of an examination of an aqueous extract of Brazilian 
Tata rubber, Spence 1 recognized the presence of an oxidising 
enzyme (or oxidising enzymes) which was, in the nomenclature 
introduced by Bach and Chodat, a “peroxydase.” Spence 
failed to find any evidence of the presence of an “oxygenase.” 
He recognised “oxygenase,” however, in the latex of Funtumia 
elistica: and assumed that there must also occur an “oxygenase” 
in Para rubber. 

A large number of samples of fresh latex from cultivated 
Hevea trees have been examined — from trees of all ages up to 
fifteen years; from original bark and from renewed bark; from 
trees marked out on various, tapping systems; half herring- 
bone, basal V, and upper Vs; from trees giving white scrap, 
and from trees giving black scrap; but in all cases it has been 

1 Spence, D. On the presences of oxydases in india-rubber, with a theory 
in regard to their function in the latex. Biochem, Jour., Vol. Ill, 165. 
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found that whilst a strong reaction for “peroxydase” has been 
obtained, universally negative results have been obtained for 
“oxygenase.” The reagents used were chiefly tincture of guai- 
cum and pyrogallol, the latter of which gives within ten minutes 
a yellow color. 

The frequent failure to obtain the test for “oxygenase” in 
extracts of plants is explained by Bach and Chodat on the as- 
sumption that, owing to its great instability, it is destroyed 
during the preparation of the extract. Spence 1 suggests that 
its failure in the extract of Para rubber may be because the 
“oxygenase” is not got at directly on account of its association 
with a large mass of colloid material or because of its destruc- 
tion during the coagulation of the latex. 2 

None of these explanations would seem to apply to the nega- 
tive results for “oxygenase” here recorded. In addition to 
testing latices on their arrival at the laboratory— some three 
hours after tapping — latices have been tested in the field imme- 
diately they issued from the tree and within a few seconds of 
tapping; also with universally negative results. After several 
hours' standing with tincture of guaicum, no blueing occurred; 
but, if to the latex a little hydrogen peroxide was added, rapid 
blueing took place, and within two minutes the liquid was a 
brilliant blue. Tincture of guaicum was also put on the cuts so 
that it mixed with the latex immediately the latter had oozed 
forth; again with negative results. 

The test was usually conducted thus: 

1 o.c. latex mixed with 

(5 c.c. water 

((.5 c.c. hydrogen peroxide, l vol.)) 

and 1 c.c. tinct. of guaicum. 

Further, several cases were selected in which if “oxygenase” 

* Ibid. With regard to the question, raised incidentally by Spence, in 
this paragraph, as to the temperature of the smoke when curing is carried 
out according to the Brazilian method, the present author would say, as a 
result of his own experiments on smoking, that it is about 65°. 

‘ Moore, B. and Whitley, E. The properties and classification of the oxi- 
dising enzymes, etc. Biochem. Jour., Yol. IIII, 136, 1909. Moore & Whitdy’s 
view is supported by the observations of WheweU, Proc. Roy. Soc., p. 1%, July SO, 
1911, on the direct application of tincture of guaicum to plant tissues. 
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occurred at all it should have been recognised. These cases 
were several ten-year-old trees which had been noticed for 
many months past as having been giving, from certain cuts, 
latex which very rapidly turned dark and produced black scrap 
on the trees and in which, presumably, oxidising enzymes were 
particularly active. The latex from these cuts was tested with 
tincture of guaicum immediately it issued from the tree; but 
in no case gave any blueing without the addition of hydrogen 
peroxide. The latex on the cuts had in these cases usually 
begun to darken naturally within fifteen minutes of tapping. 
It is interesting to notice that in the cases of the rapidly darken- 
ing latex just referred to the blueing with tincture of guaicum 
and hydrogen peroxide occurred more rapidly than in the case 
of normal latex; within ten seconds a dark blue had developed. 

It would appear that the oxidase is much more active in these 
latices than in normal ones. In this connection reference may be 
made to a phenomenon which has been noticed repeatedly, and 
which indicates a tendency to more vigorous oxidase activity in 
the latex from the higher parts of the trunk than in that from 
the lower parts. In cases in which it is observed that a tree is 
giving from any or all the cuts at which it is being tapped latex 
which darkens exceptionally rapidly — passing through a pinkish 
stage, then through a purplish one to a grey one and, ultimately, 
becoming almost black — it is always found that the higher on 
the trunk a cut is situated the greater is the tendency to rapid 
darkening of the latex from that cut. It is frequently noticed, 
for example that, of the cuts forming a half Jierring-bone, the 
lowest one gives latex which does not discolour over a period of 
24 hours; that from the middle cut becomes grey; and that from 
the top cut black. Even so small a distance as seven inches 
up the trunk may make a distinct difference in the tendency to 
darkening; the latex from the top of an oblique cut, the vertical 
distance between the top and the bottom of which is seven 
inches, becoming black, whilst that from the bottom of the cut 
has become light grey only. The significance of the greater 
oxidase activity as one ascends the trunk cannot yet be properly 
explained. 

It should be pointed out that it is not permissible to employ 
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large quantities of hydrogen peroxide, in conducting the test 
for oxidase in fresh latex since hydrogen peroxide alone, if present 
in sufficient quantity, coagulates latex. If so much hydrogen 
peroxide is employed that coagulation of the latex occurs, 
guaicum fails to respond to the presence of oxidase. This is due 
to the fact that hydrogen peroxide, when present in such amount, 
inhibits the action of the oxidase. Rubber from latex coagulated 
with hydrogen peroxide was perfectly white and undecomposed 
after 48 hours; and no discolouration or putrefaction occurred 
during drying. Small quantities of hydrogen peroxide, how- 
ever, retard coagulation. In an experiment, 1 c.c. of 30-volume 
hydrogen peroxide prevented coagulation over night in 200 c.c. 
of a 10% latex. 

It thus seems certain that the latex of Hevea Brasiliensis does 
not contain an “oxygenase.” Bach and Chodat’s conception of 
“oxygenases” and of the necessity for assuming the joint action 
of two enzymes — an “oxygenase” and a “peroxydase”— has 
been strongly criticised by Moore and Whitley, 1 who regard the 
so-called “oxygenases” as merely unstable organic peroxides. 
The oxidising enzyme found by Spence in Para rubber, and now 
recognised in the fresh latex, is sufficiently accurately described, 
without prejudice, as merely an oxidase, for which a suitable 
name is Hevease. 


Spontaneous Coagulation in the Absence of Air 

That natural coagulation is not dependent upon the activity 
of the oxidase can be shown in several ways, but the most striking 
proof is found in the fact that the spontaneous coagulation of 
latex occurs as easily in the absence of air as in its presence. If 
fresh undiluted latex is introduced into a bottle so as to fill it 
completely and the bottle is then stoppered and sealed, it will be 
found that coagulation occurs as rapidly and completely as in 
the same latex allowed to stand in the air. If the bottle is 

» Moore, B. and Whitley, E. The properties and classifications of the oxi- 
dising enzymes, etc. Biochem. Jour., Vol. IIII, 136, 1909. Moore and WMt- 
ly>a view is supported by the observatiens of Whewell, Proc. Roy. Soc., 184, J uly 
SO, 1911) in the direct application of tincture of guaicum to plant tissues. 
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opened after some 7 or 8 hours, it is found to be filled with a 
mass of coagulum, there is no smell or discolouration and the 
coagulum and liquid are acid. If latex be allowed to stand in the 
absence of air for a longer period, the only further changes that 
are obvious are that the serum becomes perfectly clear, and 
that a certain amount of pressure develops in the vessel, due to 
the generation of gas. This gas contains carbon dioxide and 
hydrogen sulphide and often honeycombs the coagulum. No 
discoloration occurs, but a certain smell of putridity develops. 
A number of bulbs that were filled with latex ten months ago 
and hermetically sealed still show no further change; they con- 
tain a perfectly white coagulum floating in a clear and colourless 
serum, and also a certain amount of gas. Also, a number of 
bottles in which latex was sealed in the absence of air 12 months 
ago are now in a similar condition. 

The serum was further examined. The degree of acidity of 
the clear serum from a bulb, which had been sealed for 9 months 
was determined. 10 c.c. required 5.4 c.c. deei-normal sodium 
hydroxide. (The latex originally sealed up in this bulb was 
diluted latex containing ca 10% rubber.) 

The serum always gave a slight but definite xanthoproteic 
reaction. Negative results- were obtained with the Adamkie- 
wicz reaction, with Morner’s reaction for tyrosin, with the 
pinewood reaction for pyrrol, with the biuret test, and with 
Fehling’s solution. Serum examined a few days after the latex 
had been sealed up gave a strong reaction for oxidase with tinc- 
ture of guaicum and hydrogen peroxide (no reaction with tinct. 
of guaicum alone) ; but after it had been sealed up for nearly a 
year it did not react for oxidase. (The products and rate of 
aerobic change in this old serum were somewhat different from 
those in serum taken earlier) . 

It would appear that the result of anaerobic change in the latex 
of Hevea Brasiliensis is to produce first coagulation of the latex 
and subsequently anaerobic decomposition of protein (with its 
characteristic product, hydrogen sulphide) and possibly of other 
organic constituents of the latex. The cause of the first of these 
changes is probably a coagulating enzyme, which will be discussed 
later, 
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The subsequent aerobic changes that occur when such serum 
is exposed to the air have been examined and present in so far as 
they have been investigated, the general character of the aerobic 
fermentative change of protein break-down products. Usually 
the strongly acid and colourless serum gradually becomes dark 
brown and strongly alkaline. Very strong-smelling products 
(indole or skatole) may develop or they may not, depending, 
apparently, upon whether air has perfectly free access or not. 
If allowed to evaporate in the air, a sticky brown residue, very 
easily soluble in water to a dark-brown strongly alkaline solution, 
is formed. 

The alkaline liquid produced by aerobic change of the serum 
effervesced vigorously with dilute mineral acid, evolving carbon 
'dioxide. Its alkalinity was not due to ammonia, but probably 
to methyamine. On warming the solution with sodium hydrox- 
ide a gas, alkaline to litmus, was evolved. The solution gave 
a precipitate with platinic chloride (this ppt. was not merely 
the ppt. produced by acids and referred to later). The brown 
colour is probably due to humin-substances. Hydrochloric acid 
added to the solution produced a precipitate which was taken 
up again by alkalies. The humin-substances present are thus 
acid (melanoidinic acids, according to Schmiedeberg’s view). 
This agrees with the conclusion of Samuely that the formation 
of humin-substances or melanoidins is dependent on oxidation 
and requires the access of oxygen. 

The substances, the presence of which in the oxidised serum 
was demonstrated, bear a general resemblance to those which 
may be formed by oxidation from aromatic products of protein 
break-down. Tyrosin, when oxidized, is said to give homogen- 
tisinic acid, ammonia, and carbon dioxide.* Ellinger has shown 
that putrefactive bacteria may produce carbon dioxide by 
scission from the primary products of protein disintegration. 
Samuely views the humin-substances as, in general, being formed 
by a secondary reaction, from those primary products of protein 
disintegration Which contain a benzene nucleus and nitrogen; 
and, although, in the serum under investigation, tests which 
indicate tyrosin, tryptophane, and pyrrol, gave negative results, 

* Bertel, R. Ber. der deutsch. bot. Ges., 20, 460. 
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there is reason to suppose— on account of the positive results 
obtained for the xanthoproteic reaction— that products contain- 
ing such a nucleus are present. 

Probably both bacterial agencies and oxidizing enzymes play 
a part in the aerobic changes. 


The Coagulating Enzyme 

Further support of the idea that the activity of the oxidase 
in its relation to the production of discolouration in latex and 
coagulum is something quite distinct from the cause which 
results in spontaneous coagulation is found in the fact that the 
two phenomena — oxidation and coagulation — never run parallel; 
many reagents that prevent or retard coagulation accelerate 
oxidation. But perhaps the simplest proof is to be found in the 
fact that, when undiluted latex is exposed to air, the rapidity 
with which natural coagulation occurs is not dependent upon 
the surface which is exposed; coagulation takes place as quickly 
and completely in a tall narrow cylinder as in a flat open dish. 

In considering the question as to the nature of the anaerobic 
agency which is responsible for natural coagulation, the first 
point to be considered is as to whether such coagulation is 
merely the result of the first stages of the activity of the same 
agency as that which results in the subsequent anaerobic putre- 
faction, which will occur if the latex is kept away from air, with 
its characteristic product hydrogen sulphide; or whether it is 
due to a different agency. It is reasonable to suppose that it is 
due to a different agency — of an enzymic character— as the 
following consideration shows. Latex was subjected to a suffi- 
ciently high temperature for a short time; and it was found 
that no coagulation occurred for several days; putrefaction then 
set in, and a coagulum formed. Now, under ordinary circum- 
stances, concentrated latex begins to set to a solid mass in six 
hours. If coagulation were merely a phase of the initial activity 
of anaerobic putrefactive bacteria, the latex which has been 
heated should also coagulate a few hours after it has cooled, 
since infection with putrefactive bacteria must in any case 
occur after the latex has issued from the tree. Further, the 
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rapidity with which coagulation occurs is not in agreement with 
the usual rate at which putrefactive changes occur; and, in 
addition, when the latex has first set to a solid mass, the smell 
is quite fresh. 

Natural coagulation does not appear to be a result merely of 
the acid which develops in latex. In the first place it is suffi- 
ciently obvious that the coagulation which has been shown above 
to occur under anaerobic conditions is not connected with the 
hydrogen sulphide which is developed, because (1) the possible 
amount of hydrogen sulphide is too small to produce a sufficient 
concentration of hydrogen ions to coagulate latex or to account 
for the acidity of the liquid, 1 (2) hydrogen sulphide was shown 
experimentally to be incapable of coagulating latex, either when 
added in the form of a saturated solution, or when passed to 
saturation-point through latex; in fact, it acted as an anti- 
coagulant; the activity of the enzyme which brings about 
coagulation being inhibited by hydrogen sulphide, since the 
samples of latex so treated were uncoagulated after 48 hours. 
But it is more important to find that the process of natural coagu- 
lation does not appear to be dependent upon the gradual develop- 
ment of acid in latex which is allowed to stand, and is not brought 
about by such acid; since the development of acid takes place 
much more rapidly in diluted latex than in undiluted latex; 
and, at a time when little or no coagulation has occurred, the 
amount of acid in diluted latex may be much in excess of that 
which it would be necessary to add in order to bring about 
coagulation. In brief, the development of acid in latex and its 
natural coagulation do not occur pari passu. Thus, for example: 

At 11.30 a. m. two quantities of latex were put aside. (1) 50 c.c. un- 
diluted latex; (2) SO c.c, latex diluted with 260 c.e. water. 61 hours 
later (1) was a solid mass (2) showed only a little floating coagulum. 
The acidity of (1) was equivalent to 4 c.e. deci-normal sodium hydroxide. 

* Beadle, Clayton and Stevens, H. P., Some analyses of Hevea latex. An- 
alyst, Vol. XXXVI, 6, 1911, give 2.03 as the percentage of protein in the 
latex of a ten-year-old tree. Latex used in some of the experiments in this 
communication was from 15-year-old trees. Assume 3% of protein. Assume 
1% sulphur in the protein; 1 .088% being the highest result recorded by Os- 
borne for the sulphur-content of a vegetable protein-excelsin. The sulphur 
hMhe ash of Plantation Para is inappreciable. 
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(2) was left over night, after which time not much coagulation had oc- 
curred; the acidity was then equivalent to 25 c.c. deci-normal sodium 
hydroxide. 

It is known that in order to produce coagulation by acid the 
amount of acid which must be added is proportional to the total 
rubber-content of the latex and not to its dilution. 

Latex was collected from the same trees as those from which the latex 
in the above experiment had been taken on the previous day. 50 c.c. 
were diluted with 250 c.c. water; and acetic acid equivalent to 25 c.c. 
deci-normal sodium hydroxide was added. As was expected, coagula- 
tion occurred rapidly; and, after 15 minutes, the coagulum had risen in 
the vessel, leaving a perfectly clearer serum. 

The author regards the coagulation of Hevea latex as essen- 
tially a physical change, conditioned, in the case of natural coagu- 
lation, by preliminary chemical change brought about by enzymic 
action. The behaviour of latex to heat in relation to its dilution 
is illuminating. Samples of latex were heated immediately 
after their issue from the tree. Usually at about 67° the latex 
became a thick mass of agglutinated particles which did not 
cohere together. If the heating were prolonged, and the mass 
stirred, it became coherent at about 75°. Latex was allowed 
to stand for several hours (say for 5 hours), and then heated. 
The coagulation temperature (by which is meant the tempera- 
ture at which a coherent mass forms) had fallen only a little ; 
it was 71°. (The introduction of a little acid, by means of 
bubbling carbon dioxide through the latex, lowered the coagu- 
lation temperature to 63°.) In the case of diluted latex the 
change in the coagulation temperature on standing is much more 
marked, due, presumably, to the more rapid development of 
acid in such latex; it having already been shown that there is 
reason to believe that more acid develops naturally in dilute 
than in concentrated latex. Further, the coagulation tempera- 
ture is greatly affected by dilution of the latex; the greater the 
volume of water in proportion to rubber the higher is it necessary 
to take the temperature in order to produce coagulation. 

11 a. m. latex collected from the field and to which only a little water 
had been added was heated in a water-bath. At 85° the latex thickened, 
but the particles did not cohere. Just above 90° they cohered on stirring; 
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but j^pgulation was very incomplete, and, even after heating at 100° 
for sqj»e time, the liquid was still milky. Portions of the latex were 
dilutej with water in the proportions 1:1, 1:4, 1:9. These diluted latices 
ooul<f 3 be boiled without coagulation taking place. The original latex 
was now diluted with two volumes of water, and allowed to stand for 
6 hops, at the end of which time its coagulation temperature was 66°. 
At this temperature curdling occurred sharply and a coherent mass 
formed at once on stirring. This latex (1 : 2) was now diluted with various 
quantities of water, with the following results: 

'* Degree of dilution Coagulation 

S of original latex temperature 

1:2 65° 

1:5 72° 

1:11 79° 

1:23 84° 

The, effect of dilution shows that coagulation by a purely 
physical process — namely, heating — occurs less easily when the 
partic|es which form the colloidal emulsion constituting latex 
are distributed throughout a large volume of latex than when 
they are closer together. Now coagulation by added acid is, 
within ordinary limits, independent of the volume throughout 
whi®^ the rubber is distributed. Further, it has been shown 
{wmpmpra) that natural coagulation takes place the less readily 
the greater the volume over which the rubber is distributed 
and®*fs not, in relation to the acidity of the latex, independent 
of iSe dilution. Thus, natural coagulation appears finally as a 
phjpcal process resembling rather coagulation by heat than 
coagulation by added acid. (Acids, it may be remarked, appear 
to«#e effective in producing coagulation in proportion to their 
hydrogen-content.) 

,'Sbe active agent in natural coagulation is, in all probability, 
an- enzyme; since heating, which would destroy the enzyme, 
prevents coagulation (the subsequently coagulation, taking 
pljae^after 2 or 3 days, is to be looked upon as due to putre- 
f actio#) . Experiment showed that the enzyme was not of the 
a lab-ferment. It is not improbably of a proteolytic 
character. Fickendey 1 suggests that coagulation of latex is 
dh^f^^lhe initial coagulation of the colloidal protein which 
has. ]feeh^ exercising a protective influence. Assuming such 
i Fiefeesactey, E., Koagulation des Kautschuks. Koll. Zeit., VIII, 43. 
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protective action, possibly the coagulating enzyme under dis- 
cussion may act in such a way as that conceived by Mckendey 
or by the partial disintegration of the protective protein; the 
great acidity which develops being due to other changes taking 
place, not in the protein, but in other (diffusible?) substences in 
the latex. As it stands, however, the matter requires further 
investigation . 1 

Since natural coagulation is due to an anaerobic change, it 
is probable that there is present in the walls of the lactiferous 
system an anti-ferment which prevents coagulation. 

Conditions of Activity of Hevease 

The oxidative activity, as indexed by the rate and amount 
of discolouration occurring in latex or in the coagulum, is often 
greatly increased by the addition of phenolic bodies. Bfcenol, 
pyrogallol, picric acid, and pyroligneous acid have sufeh an 
effect. 

To lOOc.c. of an ordinary diluted latex (ca 10%), 50c.c. of a 5 % solu- 
tion of pyrogallol were added. Within a few hours the surface had be- 
come brown and the mass of the liquid light brown. Five days lsster no 
coagulation or decomposition had occurred; but the latex was brown in 
color. It was now coagulated by a little mineral acid and washed, being 
converted into cr6pe. When dry, the rubber was of a very dark brown 
color. 

To a further lOOc.c. of the latex, 30c.c. of a .1% solution of picric 
acid (that is, insufficient to coagulate the latex) were added. On exami- 
nation 18 hours later there was no sign of decomposition, but the surface 
was very discoloured. 

Again: quantities of lOOc.c. were treated with 1.) 2c.c. semi-normal 
acetic acid, 2.) 2c.c. pyroligneous acid, 3.) . 5c.c. pyroligneous acid. Within 
an hour 2.) was discoloured. Within 2 hours 3.) was discoloured. li) was 
perfectly white after 4 hours. 

The greater amount of oxidation in the presence of phenolic 
bodies is of interest in reference to the mode of action of Hevease. 
It was found that the addition of small quantities of hydrogen 

1 It may be recorded that Phosphotungstic acid added to latex produced 
rapid agglutination followed by coagulation. No further charge was ap- 
parent after 24 hours' standing; the Phosphotungstic acid preventing dis- 
colouration and decomposition. 
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peroxide not only retards natural coagulation, but that they 
have no .effect in increasing the rate of oxidation. It would 
appear that the oxidative discolouration of latex and of the 
coagulum is due to changes produced in phenols or related 
bodies. ■ - 

As regards the sensitiveness of Hevease to heat, it was found 
that latex which had been heated at 70° for ten minutes and 
then allowed to stand for three days (putrefaction had then 
occurred) still gave a marked reaction for oxidase when tested 
by hydfogen peroxide and tincture of guaicum. If heated to 
90° for*ten minutes, however, no reaction for oxidase was ob- 
tained.:. The oxidase in the extract examined by Spence 1 was 
destroyed by 15 minutes’ exposure to a temperature of 70°. 

A number of substances which greatly accelerate oxidase ac- 
tivity have been encountered. Silver nitrate added to latex 
either |n sufficient quantity to produce coagulation or in small 
amount along with sufficient mineral acid to produce coagula- 
tion If ads, within a minute, to a grey color, which extends 
throughout the mass of the coagulum. If the grey coagulum 
is kegt away from the air no further discolouration occurs; but 
if it i| exposed to the air, or if washed and converted into crSpe, 
extraordinarily rapid darkening occurs and within a few minutes 
the gibber is black on the surface. The cr6pe was shown to 
contain silver. A similar rapid darkening was observed in the 
coagulum produced from latex which had been mixed with a 
eolkgdal solution of silver (containing NaOH). The coagulum 
in tlis case was brown, and whilst kept away from the air did 
not ehange. In the air, however, it rapidly became black. 

Calcium chloride also exercises a marked influence on the 
activity of Hevease. 

Working with an ordinary dilute latex (containing ca 12% rubber), 
it Was found that the minimum amount of caloium chloride which would 
bri3% about coagulation was 5gms. per litre of latex. Using twice this 
ftits&t, the oxidative activity was so greatly increased as compared 
With tie rate in untreated latex or in latex treated with aliphatic or 
mine£aftacid that discolouration was apparent after only 20 minutes. 

Dt On the presences of oxydases in india-rubber, with a theory 
in t^sMt’to ^eir function in the latex. Biochem. Jour., Vol. Ill, 165. 



4 


610 Original Communications: Eighth International [vol. 


As the amount of calcium used increases, the rate of discolouration, whilst 
still large, decreases; and, as the amount of calcium chloride decreases, 
the rate of discolouration diminishes, and, in the case of . 5gms. per litre, is, 
during 6 hours, nil; although this amount is capable of bringing about a 
considerable amount of coagulation. Using 5gms. per litre, it Was found, 
on examination, that the liquid which could be squeezed fromtthe upper 
part of the coagulum was light brown. A soluble brown pijfeduct has 
been noted in other experiments (regarding the influence oxacids on 
oxidation) as a result of the oxidation when such change is most marked. 
Such brown liquid is alkaline. The colourless liquid squeezeddrom the 
lower part of the coagulum is acid. The mass of the coagulum Immersed 
in the liquid and thus protected from the air does not, of course, become 
oxidised. The serum from the latex coagulated with calcium^chloride 
undergoes very rapid change when exposed to the atmosphere. * A dark 
brown shiny film forms on the surface of the liquid and on thtysides of 
the vessel; and the liquid becomes dark brown and alkaline. {If stop- 
pered up, away from the air, the serum remains unchanged. 

That a certain amount of Hevease and of other substances can 
be retained very* firmly (adsorbed?) by the coagulum Can be 
shown in several ways. Reference has already been m$de to 
the retention of silver; and in the case of calcium chlolide a 
certain amount must also be retained; for, after very thorough 
washing of a coagulum prepared by calcium chloride, it was 
still found that oxidative discolouration occurred more rapidly 
than in the corresponding coagulum prepared by mineral or 
aliphatic acids. Reference may be made here to some observa- 
tions as to the adsorption of dye by the coagulum, which appear 
to indicate that it is the protein of the coagulum which is con- 
cerned in the adsorption of substances present in the latex. 

500 c.c. of latex (ca 12% rubber) were treated with 10 c.c. of a concen- 
trated solution of 8osin; so that the whole presented a deep pink colour. 
Coagulation was brought about by acetic acid in slight excess. It was 
during its formation that the coagulum fixed dye; no further colour 
'seemed to be extracted from the liquid after coagulation was c qiop lete. 
The coagulum was machined 1 hour after the addition of acid. The 
percentage of Sosin left in the serum was determined colorirotetrically; 
and it was found that the coagulum had extracted 85% of the dye. The 
washed rubber was of a deep pink color and, when soaked in cold water, for 
several days, gave up only a little dye. It is probable that it is the pro- 
tein that adsorbs the dye; because, whilst a piece of dry rubber of nor mal 
composition easily adsorbs eosin, if allowed to stand in a solution of the 
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dye, a piece of almost chemically pure caoutchouc or a piece of rubber 
free from protein « adsorbed, after 48 hours’ immersion, practically no 
dye. 

Influence of the Condition as Regards Acidity of the Medium 

The relation of acidity to oxidase activity, as manifested by 
grey discolouration of the latex or of the eoagulum, has been 
examined. As stated earlier, no discolouration occurs in the 
course of the natural coagulation of concentrated latex. If, 
however, the natural conditions as regards acidity are inter- 
fered with by the introduction of extraneous acid, the oxidative 
changes that lead to such discolouration may occur. 

1, ) lOOc.c. undiluted latex alone. 

2. ) lOOc.c. " " plus 2c.c. 

normal sulphuric acid. 

12 hours later, 1.) had become putrid and was light yellow-brown on the 
surface; 2.) was only slightly “rancid” and was grey on the surface. The 
surface in 1.) was alkaline; in 2.) acid. 

■ The sample of protein-free rubber here referred to was prepared by a 
modification of the method which Weber, from experiments on CastUloa 
latex, suggested. Weber suggested coagulation by the action of formaldehyde 
and sodium sulphate. The author finds that, in the case of Hevea latex, 
coagulation cannot be achieved by such a procedure; agglutination only 
oocms. (It may bo noted that the author’s experience leads him to conclude 
that there is no fundamental difference between creaming, agglutination (or, 
as it would be better described, flocculence) and coagulation. In experimental 
work the same latex often passes through all these stages; creaming first, 
then becoming flocculent and, finally— the flocks gradually increasing in 
sise^-bccoming a coherent mass. The presence of formaldehyde in latex 
alwiys tends to prevent the formation of a real eoagulum; the latex merely 
flocculates. And it is very doubtful whether coagulation experiments made 
on latex preserved with formaldehyde have any value.) 

The modification of Weber’s method used was to treat latex at about 70° 
with a hot neutral solution of sodium sulphate in the proportion of 1 pound 
per gallon of latex. Flocculence at once began, but the rubber had not co- 
hered after 2J hours. Next morning, however, it was removable from the 
serum as a coherent mass. The eoagulum was washed and converted into 
cr6pe. The analytical figures obtained were: Ash, 1.485%; resin, 2.95%; 
insoluble in benzene, 1.1%. The insoluble was shown to consist of sodium 
sulphate and not of protein by extracting with water and deter minin g the 
sulnhate as BaSO<. 
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In general it may be said that small amounts of acid accel- 
erate the activity of Hevease, and large amounts diminish or 
inhibit it. 

The fact that Hevease is not thus active in concentrated 
latex, but is so in diluted latex is seen to be related to the acidity 
of the latex. (The serum formed by the natural coagulation of 
concentrated latex reacts for oxidase by hydrogen and tinct. of 
guaicum.) The coagulation of latex occurs, and the change 
from an acid reaction at the surface to an alkaline one begins, 
much more quickly in concentrated latex than in diluted latex; 
and the production of grey oxidation bodies, which is to be 
regarded as merely a secondary reaction, has not time to occur. 
Such grey products can appear only so long as the surface Of the 
latex in contact with the air remains acid. Whether the sub- 
stances from which they are formed, by the action of Hevease, 
undergo, in concentration latex, further change too rapidly to 
give time for the action of Hevease; or whether the alkalinity 
developed at the surface inhibits the activity of Hevease; or 
whether the character or concentration of certain of the products 
of natural change in undiluted latex affects the activity of 
Hevease is not clear. It is interesting to note, however, that 
the coagulum formed naturally in concentrated latex will develop 
discoloured products if it is washed. 

As regards the changes that result in the production of gas 
bubbles from the coagulum; it appears that the more air gets 
to latex during its natural coagulation, the less is the likelihood 
of gas bubbles — first of carbon dioxide and later of hydrogen 
sulphide — appearing. Latex in a long narrow vessel tends to 
show such gas bubbles more rapidly than latex in a flat, open 
vessel; and diluted latex, since the coagulum in it forms more 
slowly, develops less than the corresponding concentrated latex. 

As regards putrefaction; extraneous acid, added to latex, 
retards or, if present in sufficient amount, prevents putrefaction. 

The above points may be illustrated by reference to the effect 
of various quantities of hydrochloric acid on latex. 

Quantities of lOOc.c. each of a batch of latex as ordinarily handled, 
(i. e. containing ca 10% rubber) were mixed with gradually increasing 
quantities of HC1 (1 in 10).l.).5c.c.; 2.) l.Oc.c.; 3.) l.Sc.c.; 4.) 2.0o.o.; 
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6.) 2.5c.c.; 6.) 3.0c.c.; 7.) 3.5c.c.; 8.) 4.0c.c.; 9) 4.5c.c.; 10-> 5.0c.c.; 
11.) lOc.c.; 12.) 15c.c.; 13.) IO 0 . 0 . of 1 in 6; 14.) lOc.c. of 1 in 2.5; 
15.) 16c.c. of 1 in 2; 16.) 25c.c. cone. HC1; 17.) 100 c.c. cone. HC1; 
18.) 200 c.c. cone. HC1. [In the last two cases the latex was added to 
the acid, and not vice versa.] After 5 hours: 1.) which was not coag- 
ulated), 2 ), 3 ), and 4.) were discoloured. They had become discol- 
oured in the order named. 1.) had, in addition, begun to decompose 
slightly; it had the smell— best described as “rancid” — which is in- 
termediate in such cases between freshness and putridity. 6.), 7.), 
.8), 9.), 10.), and 11.) were uncoagulated or coagulated only very in- 
completely. After 24 hours: 1 ) and 2 ,) were putrid and yellow on the 
surface; 3 ), 4.), and 5 ) were “rancid” and grey, in diminishing de- 
gree. 6 ) to 11 ) inclusive were white and undecomposed. 12.) to 
18.) also were undecomposed. (The serum in 17.) and 18.) was purple; 
due, no doubt, to the fact that these contain such a vast excess of acid.) 

As the amount of hydrochloric acid increases, coagulation, 
which, with very small amounts of HC1 is incomplete (taking as 
the time allowed a period approximately equal to the time which 
would elapse before the latex showed signs of natural coagulation 
or decomposition), becomes absolutely complete, and gives a 
clear serum; as the quantity increases further, coagulation is 
still complete; then a gap occurs — first the coagulation is in- 
complete, then there is no coagulation at all, and then again 
the coagulation occurs, but is incomplete — and, on the other 
side of the gap, the HC1 can be increased indefinitely and will 
always produce complete coagulation. 

Plotting roughly Completeness of Coagulation vertically — 
100% representing complete coagulation and 0% the complete 
absence of coagulation — and the Amount of Acid horizontally, 
a curve of the following general character is obtained. 

These curves are really all of the same type. A gap occurs 
over which no coagulation or incomplete coagulation only can 
be obtained. Apparently, the stronger the acid, the sooner is 
this gap reached; and, in the care of acetic acid, it is not bridged, 
as the amount of acid added increases. It is hoped to investi- 
gate the exact significance of the hiatus in these curves. 





Summary 

The analysis, which has been made in the foregoing pages, 
of the causes and conditions of natural coagulation in the latex 
of Hevea Brasiliensis, make it possible to understand more or 
less clearly the complex of processes which goes on when such 
latex is allowed to stand in the atmosphere. Briefly: a coagu- 
lating enzyme (not improbably a protease) is at work producing 
coagulation, which coagulation, however, is made diffi cult, by 
dilution; anaerobic decomposition of the protein is going on, 
particularly in the parts away from the air; the oxidase Hevease 
is at work and may (depending upon the rate at which the 
changes occur and upon the condition of the medium as regards 
acidity) produce discolouration; aerobic decomposition sets in 
later, is most vigorous at the surface, and produces an alkaline 
slime which renders the liquid milky and accounts for the fact 
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that latex allowed to coagulate naturally in the air never at any 
stage becomes clear. 

That these four activities do not run parallel — certain of 
them predominating under one set of conditions and certain 
others of them under another set of conditions — shows them to 
be separate and distinct. 

Some Cases of Degenerate Rubber 

A number of samples of rubber which exhibit a particularly 
interesting degeneration have been encountered and examined. 
They show a gradual conversion of caoutchouc into resin and 
throw light, the author believes, on the r61e of caoutchouc in 
the physiological economy of Hevea Brasiliensis . 

The samples originally encountered were crapes prepared from 
the rubber which coagulates on the cuts. Six weeks after the 
date on which the rubber had been harvested, the resin-content 
of the samples was determined: 

Sample 1 contained 26.8% 

Sample 2 “ 14.26% 

Sample 3 “ 9.94% 

The samples were all “tacky,” and of a rich brown color. 
Sample 1 was semi-fluid. The resins extracted were of a rich 
yellow-brown colour and had a smell like that of the original 
degenerate rubber and similar to that of the resin from normal 
Plantation Para. 

Seven months later sample 1 contained 35.3% resin. 

After 16 months sample 2 contained 71.3% resins, and 
sample 3, 78.02%. 

As this increase in the resin occurred, the samples lost their 
“tackiness” and became shiny, smooth, and dry on the surface 
and, ultimately, brittle. 

Later, a sample of No. 1 crSpe (weighing about 10 pounds), 
coagulated by acetic acid, and exhibiting a similar degeneration, 
has been examined more closely. Four weeks after the rubber 
had been harvested, it contained 6.59% of resin. It was of a 
rich brown color; was “tacky”; and had a smell similar to that 
of rubber resin. Ten weeks later the sample contained 19.08% 
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of resin; and the surface had largely lost its stickiness. The 
viscosity of this sample was extraordinarily low. Taking ben- 
zene as 1, the relative viscosity of a 1% solution was, 1.23; of 
a .5% solution, 1.15; and of a .25% solution, 1.076. The 
viscosity of the rubber itself was thus about 230. 1 The viscosity 
of the normal rubber from the section of the estate in question 
is about 10,000; and that of a 1% solution more than 30. 

Some investigations have been set on foot with the object of 
determining the cause of this degeneration. It is certainly not 
sunlight. The samples were not exposed to the sun during 
drying (they were found in the centre of a drying shed); and 
whilst under investigation have been kept away from the sun in 
a cupboard. Heat was never in question. The cause must 
therefore (in all probability) be some organic agency. 

After the second resin extraction (giving 19.08%), some of 
the sample was cut up and its weight noted at intervals. Another 
portion was heated for half an hour at 100° in an air bath; was 
cut up; and its weight also kept under observation. The sam- 
ples exposed approximately equal surfaces. In the course of 
3 months the first sample increased in weight 4.38%, and the 
second sample 1.63%. It appears that the amount of heating 
to which the second sample was subjected did not entirely destroy 
the agency which is responsible for the conversion. The sample 
used in the above resin extraction was, after exhaustive extrac- 
tion with boiling acetone, also kept under observation. The 
change of the caoutchouc to resin is going on almost as quickly 
as in the control. In 3 months the increase in weight was 3.29%. 
(This sample was kept in a desiccator.) 

It has been mentioned that the samples arc “tacky” in the 
early stages; but by no means all cases of “tackiness” are asso- 
ciated with the peculiar degeneration described above. Heat, 
either dry or moist, renders raw rubber soft and sticky without 
affecting any appreciable chemical change. 

* The viscosity of the rubber was calculated according to a slight modifi- 
cation (given by Sehidrowitz, in a private communication to the author) of 
the method set out in Sehidrowitz, P. and Goldsborough, H. A. The viscos- 
ity of india-rubber and india-rubber solutions, Jour. Soc. Chem. Ind., Jan. 
ik+t. iono 



xxv) Congress of Applied Chemistry 617 


Sunlight often has a similar effect; but prolonged exposure 
results in chemical change, as will be shown later. “Tackiness” 
in rubber collected from the ground around the tree or prepared 
from the bark shavings is probably occasioned by fermentative 
changes in the mass previous to cleansing. Specific chemical 
agents may produce the condition but only rarely. 1 Hydro- 
chloric acid (as in 17 and 18, page 19), when in vast excess may; 
and sodium hydroxide often does. But the above types are not 
usually accompanied by any increase in weight or appreciable 
chemical change. 

The case of sunlight is interesting and supports the idea to 
be advanced that, in the change of caoutchouc now under dis- 
cussion, depolymerisation first occurs and is followed by oxida- 
tion. A sample of thick cr6pe, with a normal resin-content of 
2.63%, was exposed to the sun. After 3 months the rubber 
was very soft, but the resin-content of the part most affected 
had increased only to 3 23%. After 9 months, however, the 
resin-content of the part most affected had risen to 8.33%. 
The surface in this part had become dry, shiny, and smooth as 
in the degenerate samples earlier described. The resins were of 
normal appearance and small. 

The case of a number of pieces of cr6pe that have been found 
at different times to become “tacky in a few small areas only — 
these spots first have a green “mouldy” appearance — have 
been examined. It has been found that resins were high at this 
point, although normal over the rest of the sample. For example, 
one such sample had a resin-content, at a “tacky” spot, of 
7.34%. Those spots are now, after 14 months, dry and smooth 
and probably represent localised areas of the kind of degenera- 
tion earlier recorded. 

The Conversion of Caoutchouc in the Tree 

Of the suggestions that have been made as to the function of 
latex in the tree, the one that supposes it to act as a reserve 
food-stuff would have by far the greatest cogency, but for the 

‘Rubber which had been immersed for 18 months in 25% HS#0« did not 
become tacky when taken out of the acid and allowed to dry. 



618 Original Communications: Eighth International [vol. 

difficulty of conceiving the conversion of caoutchouc into prod- 
ucts assimilable by the tree. On the general ground that an 
oxidase is present in raw Para rubber, Spence, in his important 
paper, 1 suggested that the function of the latex was to serve as 
reserve food. But the oxidase recognised by Spence, and here 
called Hevease, acts, not on caoutchouc, but upon protein, and 
that caoutchouc could undergo conversion by enzymic activity 
remained purely an assumption. In the degeneration now under 
consideration, however, such a conversion of caoutchouc by (in 
all probability) enzymic change into an oxygenated product is 
actually seen in progress. 

The ground from which the author views this change is the 
hypothesis that the caoutchouc is first depolymerised and is 
thus more easily oxidised than when in its ordinary state of 
aggregation. 

The terms “depolymerised" and (as in the title of this com- 
munication) “depolymerisation” are here used in the loose 
sense which indicates merely a lowering of the state of aggrega- 
tion. Strictly, polymerisation refers to a chemical change of 
the type in which a compound is converted into a more com- 
plex compound whose formula can be expressed empirically as 
a multiple of the empirical formula of the first compound; and 
depolymerisation should refer to a chemical change taking 
place in the opposite sense. It would be better in connection 
with rubber to abandon the term depolymerisation in the loose 
sense in which it is now used; since the term in question has 
implications as to the change to which it refers being a chemioal 
one. The term disaggregation, which indicates nothing more 
than a lowering of the state of aggregation, would be preferable. 
At all events, what is indicated here is merely a reduction in the 
state of aggregation of the caoutchouc. That the disaggregation 
here in question — recognised, as it is, by the change in the 
viscosity — is only a physical or, at most, a physico-chemical, 
change, in the size of the caoutchouc aggregates, is sufficiently 
obvious. 

It seems probable that any disaggregation of the caoutchouc 

‘Spence, D. On the presences of oxydases in india-rubber, with a theory in 
regard to their function in the latex. Bischem. Jour. Vol. Ill, 165. 
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in a sample of rubber renders the sample liable to become 
“tacky.” It may be noted, in passing, that the great majority 
of cases of “tackiness” occur in the lowest grades harvested on 
a plantation. The rubber of these grades usually has a very low 
state of aggregation, as indexed by its viscosity. 

Although it has been shown above that the conversion of 
caoutchouc by natural agencies actually takes place, the com- 
plete conversion of caoutchouc into simple products assimil- 
able by the tree cannot yet be traced; but the actual existence 
of a change such as that into resin gives greater probability to 
the supposition that caoutchouc serves as a reserve food; for 
it is much easier to credit the break-down of oxygenated mole- 
cules such as those constituting resins into substances of value 
as foods than to imagine such a break-down in the case of the 
hydrocarbon molecule of caoutchouc. It is true that resins are 
not usually regarded as being re-assimilated by plants, and have 
frequently been, in a general way, ascribed protective functions 
or looked upon as excreted substances. The former of these 
functions is not likely to be more than subsidiary; and, as 
regards the latter idea: it is in large part little more than a 
confession of the meagreness of our knowledge of the part which 
resins play in plant physiology. It is quite possible for resins 
to be broken up into assimilable substances; 1 and it is reason- 
able to suppose that the conversion in plants of oxygenated 
products such as resins wall be demonstrated and its course 
followed as the result of more prolonged and closer investigation. 

That the utilisation of caoutchouc as a reserve food by a 
change such as that here posited possesses no a priori improb- 
ability is shown by consideration of certain general observations 
which have been made regarding the changes in latex at certain 
periods and in response probably to the tree’s physiological 
exigencies. It has been noticed, for example, that the tendency 
to rapid darkening (on the cuts and in the cups) which has been 
shown (see page 4) to be due to exceptional enzymic activity, 
is particularly prevalent at the time of “wintering,” especially 
when “wintering” is accompanied by drought. This was very 
striking in Selangor in March, 1911. Further, it is certainly 

» See, e. g., Tsohoich, A., Die Harze und die Harzebehalter. 
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worthy of remark that the largest number of cases of degenera- 
tion such as that discussed earlier were encountered at a time 
when the trees were both “wintering” and suffering from drought. 
This supports the hypothesis here advanced as to the conversion 
of caoutchouc in the tree; but without further data on this 
point it would not be wise to insist too strongly on this last fact. 

The above observations show at least that the composition of 
latex as regards its enzymic constituents or as regards its enzymic 
balance can alter; that latex can behave abnormally under 
special circumstances; and that there is nothing improbable in 
the assumption that at the critical times at which, ex hypothesi, 
the caoutchouc is to be used as a reserve food, appropriate 
enzymic activity will be called forth. And it is to be noticed, 
as Spence has pointed out, that in latex the caoutchouc is in 
its lowest state of aggregation and, therefore, according to the 
present author’s hypothesis, most susceptible to conversion. 

Spence suggested 1 that in order to employ latex as a food the 
oxidases in the tree break it down into “simple carbohydrates- 
products of value as food stuffs.” It is not improbable that 
such products are ultimately formed in the process of conversion 
of a reserve food such as caoutchouc; but, at all events, it 
seems probable that the first change in such a conversion is 
the formation of resins. Whether the normal percentage of 
resins (and of some other substances) in latex represents a state of 
equilibrium cannot yet be said. 

The author wishes to acknowledge his indebtedness to the 
Directors of the Soci6t6 Financi&re des Caoutchoucs for allowing 
him to publish these conclusions, and also to Mr. E. B. Skinner. 

i The viscosity of the rubber was calculated according to a slight modifica- 
tion (given by Schidrowitz, in a private communication to the author) of the 
method set out in Schidrowitz, P. and Goldsbrough, H. A. The Viscosity 
of India-rubber and India-rubber Solutions, Jour. Soc. Chem. Ind., Jan. 15th, 
1909. 
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Addendum 

The author's attention has been drawn by Dr. K. Gorter to 
a memoir by the latter ( Mededeelingen over Rubber . No. II. 
Vefrdere Gegerens over het pekkigworden. Door Dr. K. Gorter. 
Bintenzorg, 1912), in which are recorded results obtained re- 
garding the production of tackiness in a Borneo rubber, by 
observations relating to its solar oxidation. These results 
appear to lend support to the hypothesis here advanced as to 
the necessity for disaggregation of caoutchouc to precede its 
oxidation; since they show the oxidation does not proceed 
immediately on exposure: there is an initial period of waiting 
before oxidation begins. Gorter explains the fact that the 
oxidation does not begin until the rubber has been exposed to 
the light for some time by supposing that the production of a 
catalyst is the first step; but the results would appear to be 
explained equally well, if not better, by the present hypothesis 
of an initial disaggregation. G. S. W., August, 1912. 

As the original memoir here referred to is not easily accessible, Carter's 
results on the point here in question may be described. Some rubber from 
Borneo, deposited as a film on the walls by evaporation (by boiling) of its 
solution in benzene, was sealed up in a distilling bulb, arranged obliquely so 
that the outlet tube dipped vertically downwards into a vessel containing 
paraffin. The bulb was exposed to diffused sunlight ; and the absorption of the 
oxygon in the bulb was followed by observing at intervals the position of the 
paraffin surface. During the first six days, no absorption of oxygen took 
place; the lovel of the trapping liquid then slowly rose and, after 20 days, had 
reached the top of the tube. The bulb was then opened, so as to admit air; 
and, after closing its bulb, the absorption of oxygen was again kept under 
observation. There was now no initial period of waiting: the surface of the 
paraffin at once began to rise, and reached the top of the tube in five days. 
The bulb was opened and then closed six times more; and the absorption of 
oxygen always proceeded at once, without any initial lag. Graphically rep- 
resenting the absorption of oxygen (vertically) with time (horizontally): the 
curve for the first period is at first horizontal and then gradually ascends; 
the curves for the subsequent periods are steeper and practically straight 
lines. The observations covered 60 days. The change in weight was very 
small. The presence of a little larerulinic aldehyde was recognized. Carter 
believes organic peroxides to be concerned in the reaction. 



THE TECHNICAL PROBLEMS OF COAL PREPARATION 


W. S. Ayees, C. E. 

Hazelton, Pa. 

(Prefatory Remarks made by the author in presenting his paper 
see Vol. X, p. 33.) 

In presenting this paper, I desire to offer an apology for its 
brevity, particularly since it would require many volumes to 
record the whole history of the art, and still more so since con- 
servative estimates declare that about 50% of the original deposit 
in the seams of coal is lost in the mining and in the process of 
handling and preparation, representing a loss that has run up 
into billions of dollars. 

This enormous waste is a fair measure of the importance of 
this subject, and it must be frankly said that the problems as a 
whole have not yet been satisfactorily worked out, although 
material reductions in these losses have been made, and are still 
being made. 

The science of chemistry gives us a field of facts that play a 
very important part in the art of coal mining and coal prepara- 
tion, and must be employed continuously in perfecting the proc- 
ess. 

But a discrimination must be made in its use, as applied to the 
mining end of the proposition, because the beds of coal are made 
up of seams of pure coal and comparatively thin bands of slate, 
and a chemical analysis giving fixed carbon, volatile matter, ash 
and sulphur tell the mine superintendent practically nothing 
because the free slate enters into the final result. On the other 
hand, a flotation test giving the percentage of free slate in the 
coal immediately tells him what is wrong with his preparation and 
enables him to trace the trouble at once, or it tells him that he 
must install improved machinery. The ash in the pure coal 
cann ot be made any less by any process of preparation, — that 
is fixed by nature, and the market value of his coal in B. T. U. S. 
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is fixed by it also, but the free slate can be very materially re- 
duced by a better preparation. 

The consumer, however, finds valuable protection in the anal- 
ysis of the coal he buys, particularly in steam sizes, yet I am 
strongly inclined to believe that so far as the determination of 
ash is concerned, that the flotation test for free slate, supplement- 
ing nature’s fixed value, will give a far more satisfactory repre- 
sentation of the attainable purity of the coal and will avoid many 
disagreements. 




THE USE OF NATURAL GAS IN STEAM BOILERS 

George W. Barnes 
Pittsburgh, Pa. 

This use of natural gas is possibly the earliest in the history 
of this most valuable, yet, until a comparatively recent date, 
least valued fuel provided by nature, and in many localities the 
supply was seemingly inexhaustible with the natural result, the 
cost of installation was the only one considered and the efficiency 
was never determined, if even thought of. 

The introduction of this valuable fuel into the commercial 
field did not for years suggest a reasonable valuation; millions 
of cubic feet daily were furnished to Pittsburgh and other 
localities, and sold to industrial plants for steam boiler use at 
a flat rate per H. P. rating, no attention being given to the 
installation or the quantity used, this being left entirely to the 
consumer, in fact many localities notably through the mid- 
continent field this practice prevails today. 

As a result the types of burners and methods of installing 
were almost as numerous as the installations. Each engineer 
had his own opinion, and few, if any, based on either experience 
or knowledge of the use of gas or its application. A few of the 
novelties would not be credited today. 

1. Rows of Bunson Burners under the shell (Return Tubular 
Boiler) starting at the front of fire box spaced eighteen inches 
apart extending the full length of boiler. 

2. An open pipe flame in fire box and similar flame introduced 
at the back and driven into the tubes, the result being a red-hot 
stack at times of heavy load. The usual method of early in- 
stallations being the perforated pipe burner introduced in 
various forms, this gave good results as a steam generator, but 
was extremely wasteful, some later tests showing an efficiency 
as low as twenty to twenty-five percent and few if any reaching 
fifty percent. 

The first burners coming under the writer’s observation 

, 625 
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designed for this work where a well defined knowledge of the 
requirements was apparent, was the “Whysall,” this consisted 
of a series of well designed Bunson tubes, built into tho side 
walls of the fire box, the flames striking across the fire box, meet- 
ing at the center where it was broken up, and any unconsumed 
carbon escaping the primary combustion was supplied with air 
admitted through the fire doors, making a practically perfect 
combustion of the gases before reaching the bridge wall. This 
type in various forms was used for several years and good results 
were obtained. 

The type in use for the past ten or twelve years and one that 
has best met the requirement of the many varied conditions is 
the Tubular Burner. This is made in several forms differing only 
in minor details, and in fact has become the standard for Water 
Tube and Return Tubular Boilers. These burners are carefully 
designed and when properly installed give perfect results. 

In installing care should be given to pipe and fittings, and 
ample capacity provided. This should be sufficient to supply the 
gas to the burner at a pressure of from three to five ounces, 
allowing for an overload of from fifty to sixty percent of boiler 
rating. In sketch will be found a good general plan of installation. 

In operating it has been found that the best results have been 
obtained where the long straw white flame is used (note test 
made by Mr. Whitham for example) in addition the checker 
wall or a modification of same has been found absolutely neces- 
sary as the flame must come in immediate contact with an 
incandescent surface to insure a perfect combustion within the 
zone of usefulness. This system has been used almost exclu- 
sively for years. 

While the use of natural gas for steam boiler work has not 
reached anything near the efficiency that has been obtained from 
its use in other industrial work or in domestic appliances, it by 
no means follows that it could not be greatly improved; in 
other industrial and domestic use furnaces and appliances have 
been designed and constructed best adapted to the use of gas, 
many having a sustained efficiency of eighty-five to ninety per- 
cent, while all steam boilers are constructed with a view to the 
use of coal as fuel and gas fuel not considered. 
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In the use of gas from seventy to seventy-five percent effi- 
ciency is about the maximum sustained. 

In table of tests made at the West Virginia University under 
the directions of Prof. Clement It. Jones, a very practical result 
was obtained, and is a representative test showing what can be 
done in continuous work. By taking this test, and making 
allowance for difference in heat value of gas to be used, cost of 
steam can readily be obtained. 

To compare with coal cost allowance should be made for the 
following items, in addition to coal on track, cost of handling 
to grate bar, ash removal, repairs, grate bars, linings, tube 
cleaning, (Return Tubular), boiler repair, over amount when 
gas fired, cleaning machinery — resulting from coal and ash dust, 
additional oil, from same cause, value of overload, short or 
long, possible with gas, value of automatic regulation and con- 
stantly uniform steam pressure under all loads, all this should 
be determined and added to cost of coal or deducted from cost 
of gas before you can fairly and accurately compare the relative 
cost. 

Note — The writer in preparing the above had in mind only 
tho briefest sketch of the subject, and treated it in a general way, 
not deeming it desirable to go into detail, as this would require 
as many various applications as there are plants, as no two cam 
be installed the same in all details, location of plant with refer- 
ence to physical surroundings, conditions of fire room, stack 
draft, nature and type of boilers, setting, constant or variable 
load, and last but not least the type of man and his preferences, 
who superintends your steam plant, all must be considered in 
making a success of the use of gas, and can only be treated 
individually. 

Any details, tests or data that the writer may have or any 
suggestions are at the disposal of the readers. 
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Extract from Paper Prepared for the American Society 
of Mechanical Engineers, by Jay M. Whitium, in which 
He Gives the Following Summary of Six Tests made in 
Water Tube Boilers 

Kind of flame White Blue 

Number of 250 H. P. Boilers used 6 6 

Average gas pressure at burners ounce ... 6 6 

Cu. ft. of gas used when reduced to 4 ounce 

and 60°F 626815 561638 

Equivalent water evaporated at and from 

212°F 496163 441963 

Average boiler H. P. made 1597 . 7 1423 . 2 

H. P. made per 250 H. P. boiler 266 . 3 237 . 2 

Cu. ft. of gas reduced to 4 ounce pressure 
and 60°F. used per boiler H. P. per hour 43.6 43.8 

Showing that the economy is the same with each and that the 
capacity is greatest with the white flame. 




WfiLL 




WEST VIRGINIA UNIVERSITY ENGINEERING LABORATORY 
Tabulated Results of Gas Bubneb Tests 





AMERICAN OIL SHALES 


Charles Baskerville and W. A. Hamor 
College of the City of New York, New York, N. Y. 

In several communications by the authors on the economic 
value of the oil shales of Canada 1 , it was shown that the beds 
of oil shale in New Brunswick are very extensive, that the principal 
by-product obtained on retorting (under suitable conditions) 
ammonium sulphate, will often more than bear the expense 
of mining and treatment, and that the crude oil obtained by 
retorting New Brunswick oil shale is essentially the same as 
the petroleum of the mid-continent field. The importance 
of these large deposits of fuel oil has been appreciated, for a 
strong company, The New Brunswick Shale Co., Ltd., capital- 
ized at $5,000,000 has been organized for their development. 
The formation of this Company and the doubtless early working 
of the New Brunswick shale deposits, have aroused much interest 
in other parts of the Dominion, especially in New Foundland, 
Nova Scotia, and Ontario, where other oil shales occur, as well 
as in the United States. 

The commercial success and tribulations of the shale oil 
companies now in operation in Scotland are well known 2 . The 
oil shales in the Wolgan and Capertee valleys, New South Wales, 
Australis, and at Autun and Buxiere-les-Mines, France, are 
also being worked. While the Orepuki, New Zealand, and 
Camamu Basin, Brazil, oil shales were found, upon being worked, 
to be low-grade and to require high development charges, and 
although a company is being organized to acquire the oil shale 
properties situated near Ermelo in the Transvaal, the authors 
are unaware of any large operations on the oil shale deposits 
of Spain, Austria-Hungary, Turkey, Tasmania, Mozambique, 

»Pr Ofi. Seventh Internat. Cong. Appl. Chem., 1910, Section IV al; Eng. 
Min. J., 88 149-54, 195-99; J. Ind. Eng. Chem., 1, No. 8, (1909). 

•See Ells and Hamor, Canada Department of Mines, Report No. 55, Mines 
Branch, Ottawa, 1910. 
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Natal, Italy, and the United States for the production of crude 
oil and ammonium sulphate. In this country from 1854 to 1860, 
various bituminous materials were distilled for the production 
of illuminating oil by fifty-five “coal oil” companies, but the 
process followed was very crude and ammonium sulphate recov- 
ery was never attempted. Consequently, although many of 
the coals and other materials used were of high grade, 1 and 
merit investigation as to yield of oil, gas, and ammonium sul- 
phate according to modem practice, it is not surprising that 
the discovery of petroleum paralyzed the industry. However, 
interest in the deposits and raw materials of more or less similar 
properties, is awakening. 

In the United States, oil shales 2 occur in Kentucky; on the 
Humboldt River, opposite to Elko, Nevada; on the Big Black- 
foot River and near Great Falls, Montana; and in the Cholamc 
Valley, north of Parkfield, California. Some of these are of 
good quality, but none has been worked to any extent. It is 
likely, however, that the incerasing demand for liquid fuel and 
ammonium sulphate may occasion a thorough investigation of 
these deposits. Some time ago the authors examined a sample 
of oil shale from Montana. This shale was friable and blaoy, 
being weathered; it yielded 41.5 pounds of ammonium sulphate 
and 6 gallons of crude oil per short ton. 

Some carbonaceous shale is being used in the manufacture 
of paint in the United States, but in the processes employed 
the nitrogen present is not recovered. 3 

1 See Baskerville, Eng. Min. J., 88, 151 . 

• Reference is had here to shales which oontain an oil-forming substance, 
kerogen, which gives rise to oily and tarry matters on destructive (list iltat ion; 
and not to oil-bearing shales, from which petroleum may be obtained by me- 
chanical means. 

• The Nashville Carbon & Oil Company, of Nashville, Tcnn., arc producing 
a “natural carbon” paint (“Durbon”) from shale; the raw material is heated 
in air-tight retorts, and from 8 to 10 gallons of crude oil is produced from one 
ton. Both the dark oil and the black residue are used. The Natural Carbon 
Paint Company, of Freeport, 111., formerly mined carbonaceous shale both 
in Mt. Carroll and Eleroy, 111.; this was distilled in special retorts, and black 
carbon pigment, shale oil, and gas were obtained as products. The shale 
oil was said to contain a large percentage of ichthyol, but it was not utilized, 
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The oil shale deposits of America constitute a fertilizer 
well as a fuel resource of decided economic possibilities. How- 
ever, the methods by which these resources may be utilized 
with greatest profit, require careful inquiry. 

the manufacturers operating the plant having been only interested in the 
production of a pigment suitable for what was regarded as an anti-corrosive 
and steel protective paint. For two years, up to November 1, 1911, the 
plant was operated by a Chicago paint Company. 




THE EXTRACTION OP GASOLINE FROM NATURAL GAS 


George A. Burrell and Prank M. Seibert 
U. S. Bureau of Mines 

Present methods of extracting gasoline from natural gas are 
described, and the principles upon which the industry rests 
explained. 

Analyses are shown of natural gases from which gasoline is 
extracted upon a commercial scale. 

Tests are described which can be used to determine the adap- 
tability of different natural gases to gasoline manufacture. 

The handling of the gasoline and factors which determine 
the yield are discussed. 
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COMPOSITION OF SOME NATURAL GASES 


George A. Burrell and Frank M. Seibert 
U. S. Bureau of Mines 

The composition of natural gases from different parts of the 
United States is shown. Heating values are included. Methods 
of analysis are described in detail. The natural gases described 
consist of paraffin hydrocarbons, carbon dioxide and nitrogen; 
in two cases hydrogen sulphide was detected. Errors which 
arise due to the use of ordinary methods of gas analysis in exam- 
ining natural gases are explained. 
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METHODS AND REASONS FOR ANALYSES OF BITU- 
MINOUS MATERIAL BY THE MASSACHUSETTS 
HIGHWAY COMMISSION 


H. W. Clark and George 0. Adams 
Boston, Mass. 

For the past four years analyses have been made of samples of 
all the bituminous materials used in road work by the Massachu- 
setts Highway Commission. During this period approximately 
1,350 samples have been examined and many investigations in 
regard to methods of analysis, etc., have been carried on. The 
chief aim in the routine laboratory work has been to show clearly 
and by the smallest possible number of the most reasonable 
and common sense methods of analysis, the general character 
of each material used, its uniformity of composition as bought, 
shipped and used at different portions of the State at different 
times and throughout different seasons, and the relation in various 
important physical and chemical characteristics that each binder 
used bears to each other binder. It is only/ by such work in 
connection with road observations by the Commission in regard 
to the lasting qualities of the road built, that a basis of knowledge 
can be gained that will show with some degree of certainty 
the value of the different binders and different methods used. 

At the present time our tests as made upon tars and asphaltic 
bodies are as given on the following pages. The way in which 
these tests are carried out probably differs but little from the 
procedure in many other laboratories. 

Trade Name of Sample Chemist’s Sample No. 


Tars Asphalts 

Specific Gravity 

Viscosity 100°C., Lawrence Viscosimeter seconds seconds 
Penetration 20°C., Dow Penetrometer 
‘ 639 
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Insoluble in Carbon Bisulphid (Free carbon) per cent, per cent. 
Insoluble in 88°B. Naphtha “ “ 

Fixed Carbon “ “ 

Paraffin “ 11 

Evaporation 12 hours at 100°C. (Tar) “ 

12 hours at 260°C. (Asphalt) “ 


Distillation 


' Up to 105° C. 

105° to 170° C. 
• 170° to 225° C. 
225° to 270° C. 
k 270° to 360° C. 


U 

it 

it 

u 

it 


Methods of Analysis used fob Bituminous Materials 

Specific Gravity. About 20 c.c. of the wanned sample is 
poured into a weighed 25-c.c. graduated flask and allowed to 
stand for several hours at 70°F. The flask is then weighed 
and filled with distilled water at 70°F. and suction applied to 
the neck of the flask to remove air bubbles in the sample. The 
flask is then made up to the mark with water and weighed. A 
simple calculation gives the weight and volume of the sample, 
and from these, the specific gravity is calculated. 

Viscosity. Viscosity is determined by noting the seconds 
required at room temperature for 60 c.c. of the sample to pass 
through the Lawrence viscosimeter at 100°C. The water jacket 
of the viscosimeter is heated to boiling and the sample previously 
heated to 100°C. is strained through wire gauze into the pipette 
of the viscosimeter. The 60 c.c. is measured by collecting a 
weight equivalent to 60 c.c. 

Penetration. Penetration is determined by the Dow pene- 
trometer using 100 grams load. The sample is melted in a 
three-inch tin dish and cooled to 20°C. The penetration of 
the needle into the material in 5 seconds is measured and expressed 
in units of 1 c.m. 

Per Cent. Evaporation. The per cent, evaporated is obtained 
by weighing about 20 grams of the sample into a weighed flat- 
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bottomed tin dish three inches in diameter and heating for 
twelve hours at 100°C. in the case of tars, and 250°C. in the 
case of asphaltic compounds. After cooling, the dish is weighed 
and the per cent, lost calculated. 

Per Cent. Insoluble in Petroleum Ether and Carbon Bisulphid. 
Five to ten grams of the sample are weighed into a weighed 
extraction shell and then extracted in a Soxhlet apparatus until 
the solvent is colorless. The shell is then dried and weighed in 
a weighing beaker. In case of asphaltic compounds the portion 
insoluble in carbon bisulphid is found by extracting the portion 
insoluble in petroleum ether. 

Distillation. Distillations of tars are made in the usual way 
in an iron retort as described in various places. 


Notes in Regard to Methods 

Besides the tests which we are in the custom of carrying out 
in this laboratory with each sample, various other tests and 
methods have been proposed from time to time by different 
analysts working along this line. Some of these will be referred 
to later. Each of the tests that we carry out is intended to 
show some characteristic of the body under examination that 
it is desirable to ascertain. 

Specific gravity, for instance, shows the density of the material 
and hence gives a clue indirectly to the amount of bitumen 
present. With tars a high specific gravity indicates a high 
percentage of free carbon and vice versa. Low specific gravity 
of an asphaltic body occasionally indicates bitumen of a partic- 
ular character. Oils of the same viscosity but from different 
oil fields may have quite different specific gravities and again 
if two oils from the same source are of the same viscosity, the 
one which has been “blown” will have a lower specific gravity, 
generally speaking, than the one which has been formed from 
solid asphalt. The form of apparatus that we use in making 
this test as described above, is cheap, easily freed from air 
bubbles and easily cleaned by carbon bisulphid followed by hot 
alkaline permanganate. 

In the determination of viscosity a number of forms of viscos- 
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imetcrs are in use, the one used by us being a modification o! 
the Engler viscosimeter and better suited in our judgment to 
the examination of heavy asphaltic oils and tars. Tho consis- 
tency of samples which are not sufficiently fluid at 100°C. to 
flow through the viscosimeter is determined by the ponetromoter. 
This measures the distance which a standard needle will pene- 
trate under a given load. This determination has a certain 
value but it has been found by us that the penetration figure 
of a number of samples from tho same source may vary 50 per 
cent, or more and yet other factors, such as specific gravity 
per cent, of the material insoluble in 88° naphtha and the per 
cent, that will evaporate in the evaporation tests, be practically 
identical. Tho difference in penetration probably shows, 
however, some difference in composition of the different material 
not shown by the other tests, and road observation may in time 
give some information gained by this test. 

The asphaltene determined by the per cent, insoluble in 88° 
naphtha is in residual oils probably due to polymerization caused 
by heating the body during manufacture. Its presence increases 
the consistency of an oil but it is perhaps not a desirable compo- 
nent. In some laboratories this body is determined by treating 
a portion of the sample for some time with 99° naphtha and then 
collecting the insoluble portion on a Gooch filter. This method 
is in our opinion tedious and duplicate results hard to securo. 
In this laboratory it is determined by placing tho portion of 
the material under examination in a double-thick extraction 
cartridge in the usual Soxhlet extractor. The naphtha is not 
cold to be sure, but the only heat is that radiated by tho oil 
bath in which the extractor flasks are heated. Ono objection 
to this method is perhaps that the lighter portion of the naphtha 
is volatilized and lost. This is not serious as duplicate results 
can be obtained without difficulty. The extraction cartridges 
are weighed in glass-stoppered weighing beakers on account of 
the readiness with which they absorb moisture. 

Determinations of free carbon are also made in the Soxhlet 
extractor using carbon bisulphid as a solvent. It is probable, 
however, that none of the oils or asphalts examined contain 
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free carbon, the portions that we have found insoluble in carbon 
bisulphid being mineral matter, dirt, etc. 

The percentage of a sample that evaporates when the sample 
is heated under differing conditions, shows to a certain extent 
whether an oil has been “blown” or has been made by “fluxing” 
a solid asphalt with a low boiling flux. That portion of the 
binder that will evaporate at a comparatively low temperature 
will certainly be of little use on the road. This test in the case 
of tars, gives a clue to the extent that the tar has been refined. 
The proper degree of heat to which to carry on this test, is a 
matter of doubt and apparently should vary with different 
classes of samples. 

Paraffin is determined by the Saybolt method, so called, 
given on page 556 of Richardson’s “Modern Asphalt Pavement.” 
It is not a particularly satisfactory method as the paraffin is 
separated from the non-volatile portions by destructive distilla- 
tion and during this distillation, paraffin might be formed from 
the decomposition of other bodies. On the other hand, paraffin 
originally present is undoubtedly decomposed during distillation. 
This has been clearly shown by us by distilling some ordinary 
commorical paraffin when a considerable volume of gas, liquid 
and residue were obtained together with solid paraffin. 

With tars it is customary to make fractional distillation as 
in other laboratories. So far as is known, however, it has never 
been shown that any one portion of the distillate is of any more 
value or of any more harm than another when these tars are 
used for road purposes. 

We have made a number of determinations of the water 
soluble materials, both organic and inorganic, as recommended 
by the Special Committee of the American Society of Civil 
Engineers, but in no case have we found more than one or two 
tenths of a per cent, of total water soluble material. It has 
seemed, therefore, that this test was not worth making. 

The same committee recommends a determination of the 
solubility of the body in cold carbon tetrachloride. According 
to Richardson, “the hydrocarbons and their derivatives ” which 
are soluble in carbon bisulphid but not in cold carbon tetra- 
chloride, should be known as “carbenes.” As a matter of fact, 
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however, whenever we have tested with carbon tetrachloride, 
we havo obtained practically the same results as with carbon 
bisulphid, that is, we have not found “earbencs.” 

The determination of fixed carbon is also recommended by 
that committee. Fixed carbon is the carbon which any bitu- 
minous material will yield when heated to a high temperature 
in the absence of oxygen. It is practically coke, that is, the 
carbon remaining from the decomposition by heat of the various 
hydrocarbons forming the bitumen. There seems to be little 
reason for making this determination and the method of deter- 
mination given by the Special Committeo is one with which 
it is almost, if not quite impossible, to obtain duplicate results. 

We have as yet seen no reason given for determining the 
melting point, so called, as has been recommended. 

As stated in the beginning of this article, the laboratory work 
as a whole is intended to show as clearly as possible and with 
the least number of tests, the important physical and chemical 
characteristics of the material undergoing examination, tests 
which the engineer will understand and tests which will satis- 
factorily compare one material with another. All of the tests 
that we consider of practical value from our investigations so 
far made, are included in our routine work described above. 
These tests can be made with a reasonable degree of celerity 
and the results forwarded to the engineers without undue delay. 




(RSsumi) 


LES EMPLOIS INDUSTRIE!® DU COKE DE GAZ EN 

FRANCE ' 

M. Henry Decluy 

Ing&nieur, Chef du Service Technique du Comite Central des 
Cokes de France 

L’ auteur expose, dans son prSambule, les conditions 4co- 
nomiques qui d4termin^rent la creation du Comite Central des 
Cokes de France, qui prit l’initiative de toute une s6rie de travaux 
techniques sur l’utilisation du coke de gaz dans l’industrie: 
production de la vapeur, gazogenes pour les traitements ther- 
miques de metallurgie, gazogenes ft, gaz pauvre pour la production 
de force motrice, utilisation du coke dans les industries de la 
chaux, des ciments, du pl&tre, du sucre, chauffage central, 
appareils de chauffage domestique, etc. 

1/ auteur a dfi limiter sa communication k l’etude de l’emploi 
du coke pour la production industrielle de la vapeur. Apr&s avoir 
donn4 les definitions du pouvoir calorifique, adoptees par le 
Comite Central des Cokes de France, et indique une methode 
rapide de determination du pouvoir calorifique utile des cokes, 
U etudie les g4nerateurs & grilles fixes brfflant du coke de gaz 
et donne des indications precises sur les conditions de la com- 
bustion et la conduite des feux, sur le meilleur mode d’utilisation 
des divers conditionnements du coke. Ensuite, il passe k l’etude 
des foyers souffles ft, grilles fixes et k grilles mecaniques; il decrit 
la Grille roulante auto-decendreuse de la Societe “Underfeed 
Stoker,” qui fut l’une des seules en France k donner de trls bons 
resultats dans l’emploi du coke. 

En ce qui concerne l’usure des generateurs qui emploient 
le coke de gaz, 1’ auteur demontre l’inanite des craintes qui se 
sont manifestees, et cite des observations typiques faites sur 
des chaudidres qui brtilent uniquement du coke depuis plus de 
20 ans. 
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Enfin, dans un dernier chapitre onti&romenl consacrd aux 
r6sultats obtenus pour la production do la vapour, il relate 
ceux qu’obtient depuis trois ans, dans ses usinos raunicipales, 
la Yille de Paris, et donne le detail do sdries d'cssais industriels, 
tous faits dans des conditions diffdrontos do calibragc do com- 
bustible, soit en tirage naturel, soit en foyer souflUS, sur grilles 
fixes ou sur grilles mdcaniques. 

De cette dtude tr&s complete se ddgage l’intdr&t considerable 
que prdsente le coke de gaz comme combustible do gdndratour. 




TECHNICAL APPLICATIONS OF VISCOSITY 


Albert Ernest Dunstan and J. F. Strevens 
East Ham Technical School, London, England 

At tho seventh international congress of Applied Chemistry, 
London, one of the present authors, (Dunstan, Section 10, p. 
163,) foreshadowed the more extensive application of viscosity 
as a valuable constitutive property, not only because of its 
specific suitability as a criterion of lubricating efficiency, but 
also as a means of determining adulteration and checking purity. 
It is indeed a matter for astonishment that a property which 
varies within such wide limits for individual substances, and 
which with properly designed apparatus, is so susceptible to 
accurate measurement should have met with so little application 
in technical chemistry. 

In this communication, which deals more particularly with 
the connection between viscosity and lubrication, the authors 
desire to advance the proposition that the viscosity of a lubri- 
cating oil can only satisfactorily be dealt with in the form of a 
temperature curve, so that the behaviour of an oil can be approxi- 
mately predicated knowing the working conditions, for although 
it is true that a good lubricating oil will and does prevent friction, 
and keep down the temperature of the bearings and moving 
parts, yet if the normal conditions are such that an apparently 
good oil acquires a negligible viscosity, then of course it fails 
in its specific function, and undue heat is developed. Further 
they wish to point out that the viscosity of an oil should be 
expressed in absolute units of dynes per sq. centimetre so that 
all oils may be directly compared, and lastly that the apparatus 
in which the bulk of the purely scientific work in viscosity has 
been carried out is eminently suitable for technical work. 

Hitherto the application of viscosity to determine the suit- 
ability of an oil for lubricating purposes under certain conditions 
has been confined, in most cases, to the comparison of rate of 
flow for a given volume of the oil in question under the same 
conditions of temperature and pressure (head), from a standard 
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viscometer. Results so obtained may be expressed as, (a) 
seconds for outflow at a certain temperature, or (b) a ratio 
number compared to a standard liquid at a stipulated temper- 
ature as unity, such as rape oil, sperm oil, tallow, water, glycerin 
solution etc. 

Oils in common with most other liquids, suffer appreciable 
reduction in viscocity on subjecting them to increasing temper- 
atures, more so than ordinary viscometers indicate, when one 
considers the largely decreasing density with rise of temperature. 
The change in viscosity depends primarily on the original con- 
stitution of the oil, secondly on its content of dissolved solid 
matter, and also on the changes accruing in tho oil at the tem- 
perature of the determination. (All oils are here considered 
without moisture and suspended solid matter, which act me- 
chanically in giving erroneous results). 

Evolution of Viscometers 

The oil dealer of mid-Victorian times was content to judge 
the body of an oil by comparing the time taken for complete 
inversion in a bottle, against an oil which had previously proved 
suitable for his purpose in a similar bottle. In 1850 Nasmyth, 
(Mechanics Magazine, 1850, 1, 111, 313,) introduced a rough 
comparison apparatus, consisting of a plate of iron with similar 
longitudinal channels in it. The plate was fixed at a certain 
angle, and tho oils to be compared wore simultaneously poured 
in equal quantities out of a row of small brass tubes into the 
upper ends of tho grooves, and the time of flow along the channel 
carefully noted. The apparatus was subsequently improved by 
Albrecht, (Die Schmicrmittcl). Pipette and burette viscomotorB 
have been used and devised from time to time, but wore very 
inaccurate, owing to the great difficulty of standardising and 
keeping constant temperature. Schubler carried out the earliest 
experiments in a glass tube 2 cms. diameter and 10 cms. high 
with a narrow tube attached of 1.6 mms. diameter. He divided 
the number of seconds required for water at the same temper- 
ature, and obtained a ratio which he called the specific viscosity. 
Other viscometers on the same empirical plan, but jacketed» 
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have been, devised by Lacker, Mclvor, and Yeitcb Wilson. 
But the figures obtained from one instrument were not capable 
of conversion into those yielded by others, or even comparable. 
Napier (Glasgow) first devised an apparatus where the “head” 
of oil was kept constant and regulated according to the density 
of the oil being examined. Mason, ( Chemical News, Oct. 31st. 
1884) afterwards introduced an improved form of the same 
instrument. Cockerill introduced a viscometer on an entirely 
new principle in which a small paddlewheel was caused to revolve 
till it reached a uniform speed, by means of a falling weight, 
and the number of seconds taken for this weight then to fall 
a certain distance expressed the viscosity of the oil. On account 
of serious frictional errors which were introduced, different 
apparatus could not be constructed to give identical results. 
To avoid the irregularities and discrepancies due to the use of 
such forms of viscometer Sir B. Redwood introduced in 1885, 
his improved instrument, which has become the standard appa- 
ratus used in determining oil viscosities in this country. He 
proposed to make specific gravity corrections on the following 


formula, 


Viscosity = 


N X 100 X S 
535 X .915 


N = the number of seconds required at 60°F. for 50 ccs. of 
oil to flow out, S = the sg. of the oil at 60°F. Rape oil taking 
535 secs, at 60°F. and having an s.g. of .915 at that temperature, 
being considered as 100. The correction is only applied, we 
believe, in very rare instances, observers being content merely 
to state the number of seconds of outflow for 50 ccs. of the oil 
at the temperature of the experiment. Owing to the excessive 
amount of radiation from the heated liquids at temperatures 
from 150° to 250°F., results at these temperatures vary consid- 
erably. Different experimenters use different methods for 
taking a high temperature viscosity, some being content to run 
their oil from the instrument at a high temperature into the 
50cc. flask at room temperature, whilst others run the oil into 
the bottle immersed in a bath at the same temperature as that 
of the observation. Allen’s modification of Redwood’s appa- 
ratus, whereby a constant head of oil was maintained at a definite 
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temperature, thereby ensuring a steady ilow of oil, is described 
in Allen’s Commercial Organic Analysis, in (he oils and fats 
division. Engler’s viscometer, the standard instrument in Ger- 
many, is a similar instrument to the Redwood. ICnglor and 
Kunkler, (Jour. Soc. Chem. Ind. 1890, 654.) designed a viscometer 
for the examination of oils under high constant temperature. 
Kunkler, (Dingl. Polyt. Journ. 290, 281,) described a viscometer 
in which only 30 cc. of oil are necessary. The Saybolt viseomotor, 
as used by the Standard Oil Co., and its offshoots, is not obtain- 
able in commerce. A description appears in Redwood's Petro- 
leum, Vol. 2, p. 608, and in Lcwkowitseh, Oils, Fats and Waxes, 
Vol. 1, p. 270. Kunkler (Chem. und Techs. Zcitung 11, No. 
21, pp. 670-672,) devised an instrument, (Redwood, Petroleum 
2, pp. 613-614,) made of brass and immersed in a constant 
temperature bath, for comparing the relative consistency of 
greases by their rate of flow under a given temperature (50°C) 
and pressure. The comparative viscometers of Arvine, Barbet, 
(ixometre), supposed to be more sensitive than an ordinary 
jet viscometer, and maintaining a constant head of oil, Lepany, 
Gibbs, etc. are described in Redwood’s Petroleum, (Vol. 2, pp. 
618, 619.) 

Traube, (Journal Soc. Chem. Ind. 1887, 414) condemns 
comparison viscometers of the above type, on the ground that, 
theoretically, it is not permissible to compare the respective timee 
of delivery of heavy and light oils, or oils and water, observed 
in one and the same apparatus, owing to the important effect 
played, by the formation of eddies and kinetic energy of efflux 
and surface tension. 

Petroff (Grossmann, Die Schmiermittel, pp. 42*49) proposed to 
determine the actual viscosity in absolute units (i. o. the internal 
friction of the molecules) at working temperatures and found 
the very important relation that the order of the oils with respect 
to their absolute viscosity at a given temperature was the same 
as that of their lubricating powers. 

The subject was again taken up by Archbutt and Deeley, 
(Lubrication and Lubricants, article Viscosity) who designed 
a convenient viscometer and measured the specific viscosities 
of oil and glycerin solutions. 
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The temperature of a bearing surface is liable to vary con- 
siderably within rather wide limits in actual practice; hence it is 
important to know the viscosity changes that are likely to take 
place in the interval (independent of any chemical action due 
to external influences). 

For relatively low temperatures (70°F to 250°F) an indication 
only of such changes is obtained by using any one of the stand- 
ard instruments now in use, but for temperatures ranging from 
250°F to 500°F. which are often reached in the lubricated parts 
of internal combustion engines and steam cylinders, no infor- 
mation has hitherto been available. By plotting seconds of 
outflow obtained in a Redwood against temperature in a range 
of say, 150°F to 300°F, and extrapolating the most probable 
curve from the result, a straight line approximately parallel 
to the axis is obtained, and varying within extremely narrow 
limits, tending to show that, no matter what was the original 
condition of the oil, all viscosities tended towards the same 
minimum as the 300° to 600°F was reached. 

All liquids, no matter how mobile, and even gases, possess 
some internal friction which is capable of accurate measurement. 
Lewkowitsch is of the opinion that it would be too tedious to 
use apparatus having capillary efflux tubes for estimating the 
viscosity of oils, but this is not the experience of the authors, 
who use the below mentioned type and prefer it to the ordinary 
methods. 

The apparatus as indicated in the diagram, was about 15 cms. 
long the capillary being about 6 cms. by 1mm. diameter. 

In using, the instrument is suspended vertically in an oil 
bath, (for high temperature work a bath of ceresin and white 
mineral oil is preferable, as it does not quickly discolour) allowed 
to remain in it about ten minutes, to attain the desired temper- 
ature, in all cases obtained by a motor driven propellor and 
stirrer, and then filled to the level marks c, d, with the oil under 
examination, thus allowing a constant head of liquid for all 
temperatures. Alter standing a further ten minutes, the oil, 
now being at the same tempertaure as the bath, is sucked up 
into the limb A above a, and the time of flow between a and b 
taken, about six times, and the mean accepted as the actual 
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rate of flow. It is necessary that the density be also known, at 
the temperature of the observation, and this is obtained from 
a density-temperature diagram in the following manner, A 
glass specific gravity bottle is calibrated with pure distilled 
water from 15°C to 99°C, by first finding the actual weight of 
water it contains at intervals of 20°C in the range 15° to 100°C. 
This is obtained by weighing the bottle and water after it has 
been allowed to reach the desired temperature in a water bath 
fitted with an accurate thermometer and stirrer. The actual 
volume of one gm. of water at temperatures from 20°C to 100°C 
is obtainable from any book of physical chemical constants, 
and hence the actual volume of the s. g. bottle can bo calculated 
and by plotting a curve and extrapolating, its actual volume 
at any temperature can be obtained. 

When determining viscosities and densities simultaneously, the 
bath consisted of a Jena glass beaker containing the liquid 
which was heated by a Bunsen burner. The stirrer, viscometer, 
s. g. bottle and thermometer were suspended through an alumi- 
num lid. For high temperature work no thermostat was used. 
The density bottle was kept at constant temperature for five 
minutes, levelled off to the mark, cooled and weighed. By 
observing the oil in the viscometer as the temperature rises, 
the actual decomposition point can be noted. If necessary a 
density curve can be obtained independently at temperatures 
other than those at which the viscosity is being determined, and 
the actual densities at the required temperature obtained from 
the curve. 

It is essential that a standard liquid whoso viscosity is known, 
and which has a mcasuroable time of flow in the instrument 
under consideration, and which can bo obtained quite pure, 
should be used for calibrating the viscometer. The liquid used 
was phenol which was carefully purified by distillation. Its 
time of flow and density were taken through a range of tem- 
perature from 45°C to 150°C. From the curve connecting 
phenol viscosity and temperature, the constant for the oil vis- 
cometer can be obtained at any temperature thus. 

Let y t = viscosity of phenol at t°C. 

Tjfit, rL ss ftansi+.v nf nV»r»rml of f°n 
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Let T = number of seconds taken for phenol to flow in the 
oil viscometers. 

Then v t - K X d t X T t 

Where K = constant for the oil viscometer at t°C. 

The value for K will slightly alter with temperature, and this 
is obtained from a curve connecting K and temperature for any 
desired reading found as above. It greatly facilitates calcu- 
lation to use logarithmic values in expressing the constant on 
the curve since the viscosity is easier to find by using the loga- 
rithms oi the obtained time of flow and density from the equation. 

Vi = K t X time of flow X density F°C of oil 
or log. Vt = log. K t + log. (time of flow) + log. (density F°C) 

Thus Vt (dynes per sq. cm.) can be obtained. 

With lubricating oils it was found that very few had an appre- 
ciable viscosity beyond the 250°C region (except heavy cylinder 
oils) and in most cases the viscosity curve followed the order 
of the lubricating power. 


Results 


Water at 15°C 

= .01134. Oil, dynamo, (H.Y.) (S.G. - .905) 

also used as a light gas engine oil 



Temp. 

Vis. 

Temp. 

Vis. 

75°C 

.1017 

163°C 

.0105 

111°C 

.0332 

207°C 

.0050 

Hence beyond 200°C the viscosity of this oil is 

negligible. 

Crank Chamber Oil (Bayonne) Also used as a medium 

gas engine 

oil. 




Temp. 

Vis. 

Temp. 

Vis. 

n°c 

.1264 

133°C 

.0232 

86°C 

.0866 

155°C 

.0134 

109°C 

.0461 

215°C 

.0070 

114°C 

.0344 




This closely approaches the previous oil’s viscosity as the 
high temperature region is reached. 
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Heavy gas engine oil. A blend, S. G. 900- 5 at CO 0 ! 1 '. 

Temp. Vis. Temp. Vis. 

75°C .1719 159°C .0160 

116°C .0441 211°C . 0040 1 


This is a slightly better oil at high temperatures. 


Cold test Motor Oil. 

Temp. Vis. Temp. Vis. 

110°C .1135 180°O .0199 

160°C .0293 225°C .0084 


This has a viscosity above .005 up to the 250°C region. 

Twentieth Century Cylinder oil. (a filtered cylinder oil) 

Temp. Vis. Temp. Vis. 

110°C .1419 198°C .0173 

149-150°C . 0495 (Decomposition slightly) 


This is similar to cold tost oil at high temperatures. 


“Standard” Cylinder Oil. American. (A blended Black oil) 

Temp. Vis. Temp. Vis. 

U0°C .185 I98°0 .0187 

161°C .0436 250°C .006* 


Elektrion Rape Oil. 

Temp. Vis. Temp. Vis. 

131°C .5404 S 191°C .1024 

159°C .2333 a 213°C .0620 


‘Decomposition Region. 
s By extrapolation. 
‘Liberation of gas, 
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Castor Oil (first pressings) 

Sperm Oil 

Temp. 

Vis. 

Temp. 

108°C 

.1168 

15.5°C 

130°C 

.0597 

17°C 

4 157-8°C 

.0304 

545°C 

4 198-9°C 

.0145 

89°C 

8 240°C 

.005® 

111°C 

Thickened Rape Oil 

“ Monogram ” Motor Oil 

Temp. 

Vis. 

Temp. 

75°C 

.847 

75°C 

106°C 

.274 

103°C 

136°C 

.123 

127°C 

160°C 

Russian Engine Oil 

Galician Engine Oil 

25°C 

2.441 

25°C 

50°C 

.459 

50°C 

75°C 

.145 

75°C 

80°C 

.122 

100°C 

100°C 

.058 

125°C 

125°C 

.0247 


150°C 

.016 


Victory Engine Oil 

Loco. 

Cylinder Oil 

76°C 

.2594 

80°C 

100°C 

.0944 

100°C 

120°C 

.0504 

150°C 

142°C 

.028 

180°C 

Heavy Marine Engine Oil 

Medium Spindle Oil 

70°C 

.230 

64°C 

100°C 

.0780 

100°C 

140°C 

.0246 

150°C 

150°C 

.0196 



655 


Vis. 

.780 

.742 

.159 

.0578 

.0357 


Vis. 

.180 

.0637 

.0332 

.0165 


2.517 

.508 

.198 

.0638 

.0319 


.660 

.279 

.0574 

.0265 


.1098 

.0348 

.0123 


‘Decomposition. ‘About. ‘By extrapolation. 
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Texas Engine Oil 

Russian Rape Oil 


70°C 

.181 70°C 

.140 

110°C 

.0454 100°O 

.0073 

150°C 

.0175 130°C 

.0324 


150°C 

.0219 



At 

Absolute 
Viscosity 
at 15.5°C 

7 ) X 
1000 

Scos. in a 
Redwood 
at 15.5°C 

Arctic Sperm 

.881 

.610 

610 

210 

Sperm oil (old sample) 

.8868 

.780 

780 

269.0 

Linseed (Dutch) 

.933 

.7679 

707.9 

266 

Hcmpseed 

.931 

.8385 

838.5 

284.5 

Nigerseed 

.925 

.9729 

972.9 

320 

Sunflower 

.924 

1.1084 

1108.4 

352.2 

Poppy 

.926 

1.1102 

1110.2 

354.5 

Bean 

.924 

1.1113 

1111.3 

358. 

Ravison 

.919 

1.1305 

1130.5 

452.4 

Arachis 

.9165 

1.1316 

1131.6 

464.2 

Ncatsfoot 

.9164 

1.1378 

1137.8 

i 

Pale Cotton 

.925 

1.139 

1139 

445.8 

Refined Colza (old 





sample) 

.919 

1.1515 

1151.5 

511.4 

Japanese Rape 

.919 

1.1508 

1150.8 

528.6 

Pale Olein 

.898 

.0449 

644.9 

212.2 

Porilla Oil 

.931 

.6728 

072.8 

250 


19°C 

19° O 



Palo Liver oil 

.9275 

.8450 

845.0 

289 

Pale Whale oil 

.922 

.9951 

993. 1 

358.2 

Mineral Sperm 

.823 

.08744 

87.44 

48 

Half White Mineral 

.8693 

.4143 

414.3 

154.4 


^Deposited Stearin©, 


It will be noticed that in the various groups of the animal 
and vegetable oils that the iodine value increases as the absolute 
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viscosity of the oil diminishes, and in the case of the semi drying 
oils, except cottonseed, the absolute viscosities are very close. 
Ravison oil has a much less viscosity than rape oil, and it invari- 
ably has a higher iodine value. The extra high viscosities of 
cotton seed oil, nut oil and neatsfoot are due to the presence 
of a considerable quantity of solid glycerides. Rape oil owes 
its high viscosity to the presence of erucin of high molecular 
weight, (1052 against 884 for triolein). The subject is compli- 
cated in the case of oils and fats due to the presence of (a) mixed 
glycerides (b) solid glycerides in solution (c) extraneous matter 
such as unsaponifiable, dye, etc. Primarily oils have high 
viscosities compared with other chemical families because of 
their high molecular weights. Castor oil owes its high viscosity 
to the presence of hydroxy compounds and consequent associa- 
tion (cf. glycerin). “Blown oils” and polymerised oils owe their 
increased viscosity to a corresponding increase in the size of 
the molecule, coupled with hydroxyl formation to a greater or 
less extent. Tung oil, with a high iodine value, has a high 
viscosity. 

Viscosity of lubricating oils both fatty and mineral, generally 
diminishes rapidly with rise of temperature. Here again, the 
more viscous the oil at ordinary temperatures, the greater 
usually is its temperature coefficient. Artificially thickened oils 
(e.g. solutions of soaps in oils) rapidly lose their viscosity at high 
temperatures, again due to their high temperature coefficient, 
a behaviour common to most viscous solutions. From the fact 
that, in oil blending, the results for viscosity never obey the 
law of mixture, shows that physical action and association of 
different molecules to form aggregates must take place, though 
the actual changes are by no means understood. Small quan- 
tities of less viscous oils invariably lower the viscosity of a 
more viscous oil by much more than the calculated amount, 
and this fact is borne out by every oil manufacturer’s or blender’s 
experience. 

Unfortunately, with the ever varying sources of the same 
kind of oil, together with the greater or less amount of dissolved 
extraneous bodies present which are never completely removed 
in refining, it is almost impossible to place the subject of oil 
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viscosities on the same plane as that of pure substances, but by- 
determining average absolute viscosities for the same kind of 
oil through a range of temperature a good deal of valuable 
information as to the purity of a sample of oil should be derived. 
In the present state of our knowledge, determination of the 
actual constitutional effects on the viscosity is practically 
impossible. 

The Value op Viscosity Results 

No viscosity instrument can possibly reproduce the actual 
conditions under which lubricating oils arc employed, and results 
furnished by them are purely arbitrary, but by accurately 
standardising each type of instrument and comparing all results 
with one such type, it is possible to arrive at an approximate 
comparative measure of viscosity. Undoubtedly viscosity deter- 
minations throughout a range of temperature, preferably that to 
which the oil is likely to be subjected, serve as a valuable, guide 
to the suitability of an oil for lubricating purposes, especially if 
the chemical actions likely to take place and the conditions of 
lubrication are approximately known. (With hydro-carbon oils 
unless the temperature gets too high from insufficient or over 
lubrication, chemical action is a minimum.) 

The more viscous a lubricant and the stronger the adhesion 
between it and the bearings, the greater the pressure it will 
sustain, but excessive viscosity creates superfluous fluid friotion. 
Hence ideal conditions are those where the viscosity of the 
lubricant is just sufficient to keep the moving surfaces apart 
under the maximum pressure to bo exerted. In all cases the 
viscosity of the lubricant should bo in direct proportion to tho 
pressure likely to be sustained, such pressure being considered 
normal to the oil film for tho below mentioned reasons. Con- 
sider the film of oil which must bo sufficiently viscous to keep 
the metal surfaces apart at the working temperatures. Tho 
layer in the center of the film may be considered at root, the 
remainder of the oil each side being subjected to a simultaneous 
strain. Should the lubricant have a very low viscosity tho 
equilibrium of the film will be destroyed, tho more so the greater 
the velocity of the lubricated parts, and the oil will run off the 
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bearings with consequent damage to them. However, by using 
a suitable lubricant, i.e. one having an appreciable viscosity 
and preferably changing little through the range to which it 
is subjected, this difficulty is overcome, the bearings are kept 
apart and consequently friction is reduced to a minimum and 
lubrication takes place. The greater the pressure normal to 
tho centre layer of the oil exerted by the lubricated parts, the 
greater the tendency of the oil to squeeze out so that the viscosity 
should be sufficient to prevent the rupture of the centre layer 
at the maximum pressure attained. 

Now that absolute viscosity of lubricating oils can be accu- 
rately and easily obtained it should be no great effort to obtain 
oils with viscosities at the working temperatures proportional 
to the pressures likely to be attained and sufficient to ensure 
proper lubrication. 

Bodwood (J. S. C. I. 5. 1886, 21.) after discussing fluid friction 
and motion with the laws obeyed by such moving liquids and 
surfaces, quotes Professor Thurston as follows, “Fluid friction 
is tho friction of adjacent bodies of fluid in relative motion 
and is due to the formation of small whirls or large eddies in 
tho two adjacent fields, the production of which absorbs energy 
from the flowing mass (stream) resulting in a rise of temperature 
equivalent to the heat energy so destroyed. The resisting prop- 
erty which thus effects this conversion and which is the cause 
of fluid friction is called viscosity. In the case of very mobile 
liquids and gases the resistance is of kinetic character rather 
than one due to intramolecular action, but the flow of vis- 
cous liquids is evidently greatly influenced by their molecular 
constitution. ” 


Otheb Applications 

It is obvious from what has gone before that the viscometric 
method can be applied with advantage to any case where the 
utility of a substance depends on the molecular size of its ultimate 
particles. In recent years for example, it has been used to test 
the nerve of rubber, and the comparative value of gum solutions. 
These are instances of the applicability of viscosity as the most 
suitable specific property. But the authors would go further 
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and would claim for this method that being one of the most 
constitutive physical properties (i.e. being almost cntiiely depend- 
ent upon the arrangement of the atoms in the molecule) it is 
eminently useful as a means of characterisation and detection. 
To this end they are applying it to the study of varnishes, essen- 
tial oils, turpentines, waxes, and a variety of commercial products. 



“BIN BEITRAG ZU DER FRAGE DER BILDUNG DES 

ASPHALTS” 

C. Engler 

Wclche Art der Genese des Erdols und des Asphalts man 
auch annehmen mag, die Bildung aus organischen Resten oder 
aus Metallcarbiden, muss man sich in alien Fallen vergegen- 
wartigen, dass wir es in den verschiedensten Asphaltarten mit 
relativ sehr hochmolekularen Verbindungen zu thun haben, die 
aus den hypothetischen Ausgangsmaterialien — seien dies nun 
die aus Fett-, Wachs-, Harz-, etc. Resten oder die aus Acety- 
len und Wasserstoff gebildeten Kohlenwasserstoffe nur durch 
eincn Polymerisations vorgang gebildet haben konnen. 

Polymerisationsvorgange spielen in der Natur bei der Bil- 
dung sehr vieler Verbindungen der organischen Stoffwelt eine 
wichtige Rolle. Schon die erste Bildung primarer Kohlenhy- 
drate erfolgt aus der Kohlensaure der Luft iiber den Formal- 
dehyd durch eine Polymerisation worauf namentlich auch die 
neuesten Versuche von Curtius u. Franzen hinweisen. Das 
Starkmehl, die Cellulose, die Eiweissstoffe, auch die Harze, die 
neugebildeten und die fossilen, sind Polymerisationsprodukte; 
Graphit und Diamant diirften ebenfalls als Polymere des gewohn- 
lichen Kohlenstoffs angesehen worden. Und neuerdings be- 
machtigt sich auch die Technik dieses Prozesses: Oele werden zu 
Lark, das Condensat von Phenolen mit Formaldehyd zu Backelit, 
Isopren zu Kautschuk polymerisiert. 

Die namhaftesten Forscher auf dem Gebiete der Asphaltbil- 
dung wie Peckham, Richardson, Zaloziecki, H. Kdhler, Graefe 
u. a. bekennen sich zu der Annahme, dass die Asphalte Poly- 
merisationsprodukte sind. Im Grunde genommen differieren 
ihre Ansichten abgesehen von der Frage des Urmaterials, nur 
in der Frage nach der Ursache der Polymerisation. 

Manche weisen dabei dem Schwefel eine Hauptrolle zu, 
Andere dem Sauerstoff, wieder Andere aber haiten die Annahme 

661 
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einer Mitwirkung irgend welcher Katalysatoren oder dritten 
Stoffe ftir unnotig, indem sie die Asphalte nach ihrer elementaren 
Zusammensetzung lediglich als die nattirliehen Abbau — oder 
Umsetzungsprodukte der Ausgangsmaterialien ansehen. 

Wenn ich auch eine Mitwirkung des Schwefels in vielen 
Fallen nicbt in Abrede stelle, so kann ich demselben fur die 
Asphaltbildung ganz im Allgemeinen nicht eine generell aus- 
schlaggebende Rolle beimessen, halte vielmehr die Mitwirkung 
des Sauerstoffs dabei fur das wichtigere. Dafur sprechen nicht 
bios Zusammensetzung und chemische Beschaffenheit des As- 
phalts, sondern auch geologische Griinde, so vor Allem das 
Fehlen von Asphaltlagern in grossen Tiefen und die Beschran- 
kung seines Vorkommens auf den oberen, dem atmospharischen 
Sauerstoff zuganglicheren Schichten. Dabei diirfen wir aber die 
Asphalte nicht lediglich als Oxydationsprodukte von fertigen 
Erdolkohlenwasserstoffen ansehen, mussen vielmehr auch mit 
einer direkten Bildung derselben aus gewissen Uebergangs- 
stoffen des organischen Ausgangsmaterials in Petroleum rechnen, 
wie ich solches in meinem Systeme der Bitumenbildung. 1 schon 
ausfuhrlich auseinandergesetzt habe. 

Ich vertrat, nachdem gelegentlich einer von Kronstein in 
meinem Laboratorium ausgefuhrten Arbeit schon 1902 darauf 
aufmerksam gemacht worden war, stets die Ansicht, 2 dass 
Autoxydation und Polymerisation in engem Zusammenhang 
stehen und dass die letztere durch erstere in beschleunigendem 
Sinne beeinflusst werde. 

Exakte Yersuche iiber die Beschleunigung der Polymerisation 
von Kohlenwasserstoffen durch gleichzeitigeoxydierende Wirkung 
von Sauerstoff lagen bisher nicht vor, wenngleich nach bisherigen 
* W ahrnehmungen ganz kleine Mengen gleichzeitig einwirkenden 
Luftsauerstoffs eine solche Beschleunigung zur Folge hatten. 
Es sind nun aber neuerdings im Karlsruher chemischen Labora- 
torium von Standinger und Lautenschlager umfangreiche Ver- 

i Chem. Ztg 1912, S. 65 u Engler-Eofer "'Das Erdol” Bd. I, S. 35. 

*Engler u. Wenssb&rg “Kritische Studien iiber die Yorgange der Autoxyda- 
tion” Braunschweig 1904, S. 179 Engler <f Die neueren Ansichten iiber die 
Entstehung des Erdols,” Berlin 1907, S* 25; Zeitschr. f. angew. Chem. 21 
(1908), S. 1585. U. S. W. 
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suche liber diese Frage angestellt worden, deren Ergebnisse ich 
hier mitteilen kann. Sie bestatigen durchweg die Richtigkeit 
meiner bisberigen Annahme. 

Ganz allgemein moge noch auf Folgendes hingewiesen werden. 
Der Polymerisation unterliegen hauptsachlich ungesattigte 
Verbindungen, doch konnen auch gesattigte Verbindungen 
dadurch polymere Produkte liefern, dass, wie z. B. bei gesat- 
tigten Kohlenwasserst offen durch Oxydation oder Wirkung des 
Schwefels (CL Richardson) } ungesattigte Reste entstehen. Je 
nacb der chemischen Natur der ungesattigten Gruppe verlauft 
die Polymerisation mit sebr verscbiedener Geschwindigkeit. 
Manche verlaufen spontan, manchmal sogar explosionsartig, 
andere langsam und wieder andere bedtirfen der Katalysatoren 
um deutlich siehtbare Polymerisation zu erzielen. Sehr oft 
durch diese, namentlich aber durch Warme wird im Allgemeinen 
der Vorgang beschleunigt. Ob auch durch Druck, soil womog- 
lich durch in meinem Laboratorium zur Zeit im Gang befindliche 
Versuche entschieden werden. 

Endlich sei auch noch an den sehr interessanten Befund 
Stobbe’s erinnert, wonach durch Animpfen mit einer kleinen 
Menge schon polymerisierter Substanz und damit der Schaffung 
eines Polymerisationskemes der Vorgang ganz wesentlich 
beschleunigt wird. 

Bei der folgenden Untersuchung wurden in zwei Parallelver- 
suchen je 10 g Substanz in kleinen Kolbchen mit Kohlensaure 
und mit Sauerstoffgas im Thermostaten auf 80° bestimmte Zeiten 
erwaermt. Nach Beendigung der Erwarmung und nach Abdis- 
illieren des nicht polymerisierten Teile wurden die riickstan- 
digen Polymerisationsprodukte gewogen. In der folgenden 
Tabelle sind die mit einer Anzahl von Kohlenwasserstoffen 
erhaltenen Resultate vergleichsweise nebeneinander gestellt: 
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Prozentgehalt der veranderten Stoffe nach der 
Polymerisation 


Kohlenwasserstoffe 

in 

Kohlensaure 

in Sauerstoff 


nach 1 

2 

3 

4Tg 




m 

Limonen 

2 

4 

5 

6 

4 

6 

8 

9 

Phellandren 

4 

6 

8 

9 

9 

13 

16 

21 

Pinen 

1 

2 

2 

3 

3 

4 

4 

5 

Myrcen 

8 

13 

18 

22 

20 

30 

40 

50 

Camphen 

3 

4 

5 

6 

5 

7 

8 

9 

Jsopren 

5 

6 

7 

8 

10 

14 

18 

23 

Dimethylbutadien. . 

12 

16 

18 

22 

18 

24 

26 

28 

Tetrahydrobenzol . . 

0,8 

1 

1,3 

1,5 

3 

4 

5 

7 

Cyclopentadien — . . 

nach 2 


6 

Std. 

nach 

2 


6 Std. 


45 


68 



75 


94 

Styrol — 

nach 10 


20 

Std. 

nach 

10 


20 Std. 


14 


22 



35 


67 


Die erzielten Resultate lassen die beschleunigende Wirkung des 
Sauerstoffs bezw. der Autoxydation durchweg erkennen. Noch 
viel in die Augen springender fallen die Versuche aus, wenn 
man die Polymerisation im Autoklaven bei Gegenwart von 
Kohlensaure und von Sauerstoff miteinander vergleicht. Wah- 
rend z. B. Pinen in Kohlen^aure-Atmosphare dabei sich nur 
wenig verdickt, wird es in Beriihrung mit Sauerstoffgas zu einem 
dicken kaum ffiessenden Syrup. 

Unter der An nah me, dass kleine Mengen der bei der Autoxy- 
dation ungesattigter Kohlenwasserstoffe entstehenden Per- 
oxyde den katalytischen Anstoss geben konnten, wurden auch 
vergleichende Versuche durch Zusatz vorher bereiteter Peroxyde 
ausgefiihrt. Es zeigte sich wohl Beschleunigung, doch nicht in 
gleichem Grad, wie mit freiem Sauerstoff. Jedenfalls zeigen 
aber die Versuche, dass schon ganz geringe Mengen Sauerstoff es 
ausreichen die Polymerisation ganz erheblich zu beschleunigen. 
Jedenfalls sind die aufgenomenen Sauerstoff mengen so gering, 
dass ein eventueller Einwand, die Verdi ckung der oele sei eine 






Congress of Applied Chemistry 


665 


xxv] 


Folge gebildeter Oxydationsprodukte, hinfallig wird. Diese 
Versuche bilden eine weitere experimentelle Stiitze fur die Rich- 
tigkeit der Annahme, dass der Sauerstoff der Luft bei dem Poly- 
merisationsvorgang der Bildung des Asphalts eine Rolle spielt. 

Durch Versuche von Ubbelohde u. Schapringer . welche un- 
abhangig von vorstehenden Untersuchungen im Chemischtech- 
nischen Institut zu Karlsruhe ausgefiihrt wurden und deren 
Resultate bereits in gedruckter Dissertation vorliegen , 1 wird 
festgestellt, dass auch bei der Polymerisation von Holzol die 
Anwesenheit von Luftsauerstoff beschleunigend wirkt, was an der 
Zunahme des spez. Gewichts und der Abnahme der Jodzahl, 
sowie des Lichtbrechungsvermogens einwandfrei verfolgt werden 
konnte. 

* Schapringer, Dissertation Karlsruhe, 1912, 




(Abstract) 


A REMARKABLE CARBONACEOUS CLAY DEPOSIT 
NEAR PUTNAM, NEW MEXICO 

William Foster 
Princeton , N. J. 

A remarkable caramel-like deposit has been discovered near 
Putnam, New Mexico. The deposit appears to be extensive, 
and when the material, which is everywhere covered with sand, 
is dug it is of the consistency of gelatin. On burning in an open 
vessel, the ash amounts to more than 50 per cent, and it is 
primarily clay. Excluding mineral matter, the composition cor- 
responds closely to that of peat. The gases obtained by destruc- 
tive distillation were principally hydrogen, the oxides of carbon, 
and methane. The material is sparingly soluble in organic 
solvents, but forms a collodial solution with water, and exhibits 
Brownian movements. It is readily precipitated by the addi- 
tion of electrolytes. The material does not respond to the 
a-naphthol test for carbohydrades. While in its chemical dom- 
position it most resembles peat (excluding mineral matter), 
it has been suggested that it is most like cannel coal as to the 
manner in which it may have been formed. The deposit appears 
to be a carbonaceous clay in a very fine state of division. 
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(Abstract) 

CRUDE OIL GAS PRODUCERS OF THE PACIFIC COAST 

Harry A. Grine 
Los Angeles, Cal . 

In my paper on “Crude Oil Gas Producers of the Pacific 
Coast” I have attempted to give some idea of the nature of 
the oil gas producer development and a brief description of several 
representative types. 

The development of the oil gas producer on the Pacific Coast 
has made little progress until the past five years and has been 
almost wholly of a practical and non technical nature. 

Oil vaporizers, of which there have been many developed, 
are distinctly different from the oil gas producer. The former 
makes an unstable vapor gas by utilizing the heat of the engine 
exhaust to heat the oil; the latter makes a stable or fixed gas by 
dissociation and recombination of the elements of the oil by 
partial combustion. The oil vaporizer is simply a magnified 
carburettor. 

Oil gas producers of the Pacific Coast which have been com- 
mercialized are conveniently divided into several types according 
to the methods of introducing the oil and the methods of causing 
the combustion of the oil as follows: 

Type A — Non-Atomizing and Flame Gasification. 

Type B — Atomizing and Flame Gasification. 

Type C — Atomizing and Non-Flaming, or uniform Combus- 
tion and Completion of Gasification in a Solid Carbon Fuel Bed. 

The various methods of introducing the oil and burning it to- 
gether with the temperatures secured by these different methods 
are the controlling factors which determine the nature of the 
gas and the amount of carbondust or tar by-product formed. 

Representative gas analyses of gas made in the different 
types show variations principally in the percentages of Olefine 
Hydrocarbons, Carbon Monoxide and Hydrogen. 
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The following analyses are representative of the different types. 


% by volume 

Type A Type B Type C 

Carbon Dioxide 4.5 5.0 6.2 

Oxygen 1 0.5 0.3 

Olefine Hydrocarbons 4.8 3.0 1.0 

Carbon Monoxide 7.8 11.8 15.1 

Methane 8.7 9.6 4.6 

Hydrogen 9.0 6.0 5.4 

Nitrogen 65.2 64.1 67.4 


100.0 100.0 100.0 


^Undetermined. 


Nitrogen by difference. 

The early supposition that the formation of large quantities 
of carbon dust was unavoidable in the partial combustion of 
crude oil to form producer gas has been proven erroneous by 
later development. 

Prevention of the formation of this product by proper control 
of the gasifying conditions has proven much more successful 
than mechanical devises for extracting the carbon dust and tar. 

The commercial crude gas producer must satisfy the following 
conditions where the gas is intended for use in gas engines. 

1. There must be a minimum production of solid carbon dust 
or tar. 

2. The supply of gas must be under complete control for 
variable loads. 

3. The gas must be uniform in quality. 

4. The generator should be continuous in its operation. 

In order to allow ample time for the decomposition and recom- 
bination of the elements of the oil the producer should be of 
sufficient size to give a slow velocity of gas travel. This has been 
largely overlooked in most of the generators. 

The carbon dust formation may be under almost complete 
control by a proper control of temperature. Attempts to force 
a large production of gas in small generators by using high 
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temperature flame combustion have resulted in excessive carbon 
dust formation. 

Much improvement may be looked for in the crude oil gas 
producer when a proper technical study of the causes which 
produce favorable or unfavorable results is made. They can 
only be determined by a close analytical study of the pressures, 
temperatures and volume and composition of gas produced per 
unit volume of gasifying chamber. 




(Abstract) 


AN APPARATUS AND METHOD FOR DETERMINING 

HYDROGEN SULPHIDE IN ILLUMINATING GAS 

E. P. Harding and Einer Johnson 
University of Minnesota, Minneapolis, Minn. 

The principle of this method is the absorption of hydrogen 
sulphide by a solution of cadmium chloride, its liberation in a 
partial vacuum by means of hydrochloric acid and its titration 
with a standard iodine solution. 

Comparative tests with this method and the gravimetric 
cadmium chloride and the Tutwiler methods gave the following 
results: 


Coal Gas Water Gas 


Grav. CdCl 2 

Vol. CdCl 2 

Tut. 

Grav. CdCl 2 

O 

T* 

O 

£ 

Tut. 

2.72 

2.93 

31 

0.59 

0.55 

16 

0.53 

0.46 

22 

0.26 

0.23 

8 

0.89 

0.79 

27 

0.40 

0.36 

11 

1.58 

1.54 

38 

0.15 

0.13 

5 

1.00 

0.92 

24 

0.34 

0.31 

12 

2.68 

2.65 

30 




1.31 

1.25 

23 

Crude Coal Gas 


2.35 

2.26 

29 

225 

220 

360 

1.81 

1.72 

27 

190 

188 

310 

0.88 

0.84 

18 




4.86 

4.76 

110 




2.73 

2.69 

65 




1.22 

1.18 

25 




2.72 

2.61 

28 




1.65 

1.59 

30 




1.30 

1.26 

26 




1.09 

1.04 

24 
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Advantages of this Method . — The principal advantage of 
Tutwiler’s method is its rapidity. A test can be made in about 
three minutes. Its chief disadvantage is its inaccuracy. The 
results obtained are only approximate especially on the partially 
purified gas, the error varying from 1000 to 4000 per cent as 
shown by the comparative tests above. This error is due to 
the titration of the gas with the iodine solution, the unsaturated 
hydrocarbons, cyclopentadiene 1 and probably sulphur compounds 
other than hydrogen sulphide reacting with the iodine. Results 
on the crude gas are less inaccurate, the error amounting to 
about 16 per cent. This is of course due to the much greater 
ratio between the amount of hydrogen sulphide present and 
the other compounds with which the iodine reacts. McMillar 
states in the original publication of Tutwiler’s method that 
15 grains of hydrogen sulphide per 100 cu. ft. of gas could escape 
detection. In the writer’s experiments, in no case did the Tut- 
wiler show less than 10 grains per 100 cu. ft. on clean coal gas 
nor less than 4 grains per 100 cu. ft. on clean water gas. 

The gravimetric cadmium chloride method is the most accu- 
rate in use at the present time. The great objection to this 
method, however, in control work is the length of tim e required 
to make a determination. The purifying boxes foul quite 
rapidly and in determining their efficiency, tests should be made 
rapidly and as nearly simultaneously at inlet and outlet of 
purifier as possible. A method which requires hours for a test 
becomes impracticable. The large bulk of cadmium chloride 
solution used allows absorption of other sulphur compounds than 
hydrogen sulphide, which when oxydized with the bromine 
give too high results. Another objection is the large amount 
of cadmium sulphide precipitate required to produce an amount 
of barium sulphate which can be readily and accurately weighed. 
When a sample of 0.1 cu. ft. of gas is taken, each milligram of 
BaS0 4 is equivalent to 2.252 grains of sulphur per 100 cu. ft. 
Thus for partially purified gas containing but a fraction of one 
grain of hydrogen sulphide per 100 cu. ft., a number of cu. ft. 
of gas must be used in order to obtain a weighable precipitate. 

The volumetric cadmium chloride method has several advan- 

» London Journal of Gas Lighting, April 5, 1910, p. 41; April 12, 1910, p. 18. 
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tages over the gravimetric method. Accurate results are 
obtained on a much smaller volume of gas; a smaller volume of 
cadmium chloride solution causes less absorption of sulphur 
compounds other than hydrogen sulphide; the method is much 
more rapid, requiring for a determination instead of hours, 
from seven to ten minutes depending upon the purity of the gas. 

The advantages of the volumetric cadmium chloride method 
over the Tutwiler are several. Twenty-eight times as much 
gas is used in the average determination as is used in the Tutwiler; 
the burette readings are one-tenth those of the Tutwiler and 
much more accurate results on gas of low hydrogen sulphide 
content are obtained. A test can be made in from seven to 
ten minutes. 




DIE ZlHIGKEITSBESTIMMUNG YON FLUESSIGEN 
SCHMIERMITTELN 


Prof. Dr. Holde 
Berlin-Lic} iterfelde 

Seit nahezu 3 Jahrzehnten ist man gewohnt, die Zahigkeit 
von Schmierolen im Handelsverkehr, in der Technik nnd in 
derjenigen Literatur, welche auf die Bediirfnisse und den Ge _ 
brauch in der Technik Riicksicht zu nehmen hat, in seg. EN- 
GLERzahlen, (Deutschland, Oesterreich, Ungam, Russland, 
Rumanien) SAYBOLTzahlen (Standard Oil Co., Vacuum Oil 
Co.) REDWOODgraden, (England) u.s.w. auszudrucken, die 
weder untereinander noch zu der wirklichen specifischen Zahig- 
keit eine ohne weiteres erkermbare Beziehung haben. Die auf 
grundsatzlich verschieden konstruirten Apparaten erhaltenen 
Zahlen geben vielmehr nur an, in welchem Verhaltniss die 
Ausflusszeiten der zu priifenden Fliissigkeit zu derjenigen von 
destillirtem Wasser oder von Riibol auf den genannten Apparaten 
von bestimmter Temperatur stehen, sodass in den verschiedenen 
Staaten weder fiir die Zahigkeit ein gleicher noch ein auch 
nur annahemd der wirklichen specifischen Zahigkeit entspre- 
chenden Ausdruck zur Kennzeichnung dieser wichtigsten Eigen- 
schaft fliissiger Schmiermittel benutzt wird. Beim Englerschen 
variirt der Quotient zwischen dem sog. Englergrad und der 
wirklichen specifischen Zahigkeit zwischen 3,6 und 4,10, im 
Mittel ist also die wirkliche specifische Zahigkeit bezogen auf 
Wasser von 0° — 1 etwa 4 mal so gross als sie auf dem Engler- 
Apparat gefunden wird, die entsprechenden Quotienten auf den 
Apparaten Englands und Amerika differiren wiederum erheblich 
von jenen sogenannten Quotienten und untereinander, womit 
also, was dem Fachmann naturlich nicht neu ist, erwiesen ist, 
dass die verschiedenen Staaten hier eine ziemlich willkurliche 
von einander ausserdem ganz verschiedene und scheinbar durch 
Gewohnheitsbediirfnisse zu sehr beeinflusste ausdrucksweise fiir 
die Zahigkeit der Oele benutzen. 
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Es liegt nun in meiner Absicht, in der vorliegenden Mitteilung 
an der Hand einiger Versuche anzuregen, die wirkliche speci- 
fische Z ahi gkeit der Oele mehr in den Vordergrund bei alien 
Erorterungen in der Literatur, auch im Handelsgebrauch u.s.w. 
zu rticken, ais dies bisher geschehen ist. 

Um die Sachlage genau zu erkennen, bedenke man, was es 
bedeutete, wollte man z. B. die specifiscben Gewichte der Oele 
statt zu ihren wirklichen Betragen zum 4ten Teil dieser Betrage 
in einem Land, im anderen Land zum 8ten Teil dieser Betrage 
angeben u.s.w. Man vergegenwartige sich aber auch, um objek- 
tiv vorzugehen, welche Umstande dazu gefuhrt haben, zur Zeit, 
als die technische Schmiermittelprufung begann, in Deutschland 
fur tarifarisehe Zwecke etwa vor 30 Jahren, nicht gleicht ent- 
sprechend der specifischen Gewichtsbestimmung die specifische 
Zahigkeit der Oele direkt zu bestimmen, sondem ein willkHr- 
liches Maass z.B. in Deutschland den Englergrad, als Maass 
der Zahigkeit einzufiihren. 

Der Grund liegt darin, dass die mit der S chaff ung von Nor- 
malapparaten betrauten Stellen, insbesondere auch der Erfinder 
des Engler-Apparats Excellenz Engler sich zunachst mit Recht 
sagten, dass fur die mit der technischen Schmierdlprflfung ftir 
tarifarisehe Zwecke u. dergl. zu betrauenden j linger en Beamten, 
die oft nicht mit grosser naturwissenschaftlicher und appara- 
tiver Vorkenntniss ausgestattet sind, die unmittelbare Bestim- 
mung der wirklichen specifischen Zahigkeit auf den in Frage 
kommenden difficilen Glasapparaten aus praktischen Grtinden 
nicht in Frage kommen k5nne. 

Die specifische Gewichtsbestimmung ist hingegen genau bis 
auf die 4te Decimale mit den einfachsten Apparaten auszufuhren. 

Deshalb hat man wie in Deutschland so auch anderweitig 
emfachere Apparate ersonnen, auf denen auch ein weniger 
wissenschaftlich gebildeter Beamter, ja jeder einigermassen 
geschickte Laborant, einfache Bestimmungen der Ausflusszeit 
von Oelen ausfuhren und sie in Vergleich zur Ausflusszeit von 
Wasser als Englergrad, Redwoodzahl u.s.w. setzen kann. 

Man ist sich aber damals noch nicht bewusst gewesen, dass 
man auf diesen Apparaten nicht nur die Ausflusszeiten und 
durch deren Vergleich mit Wasser ein ganz rohen Vergleich 
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der Zahigkeit ermitteln kann, sondern dass man auch auf diesen 
Apparaten tatsachlich durch Anwendung einer Umrechnungs- 
formel, die erst etwa 20 Jahre von Ubbelohde aufgefunden 
wurde, die wirkliche specifische Zahigkeit der Oele leicht ermit- 
teln kann. 

Diese Umrechnungsformeln stellte Ubbelohde fest, als er 
Tabellen ffir unmittelbare Berechnung der Englergrade aus 
den ennittelten Ausflusszeiten von 50,100 und 200 Oel auf- 
stellte und hierbei gleichzeitig rechnerische Beziehungen zwischen 
der Zahigkeit nach Engler und der wahren specifischen Zahigkeit 
geben wollte. Er schlug hierbei zunachst vor, da zur Ermitt- 
lung der wahren specifischen Zahigkeit aus den Englergraden 
noch die Bestimmung des specifischen Gewichts hinzuzuziehen 
war, unter Umgehung dieser letzteren Bestimmung, um einen 
der wahren specifischen Zahigkeit angenaherten Wert, namlich 
den sog. Zahigkeitsfaktor zu ermitteln. 

Diesen Vermittlungsvorschlag mochte ich, so sehr ich wie 
jeder Fachmann die hier in Betracht kommenden grundlegenden 
Arbeiten Ubbelohdes hochschatze, nicht gem acceptiren, da 
er mir als ein durch praktische Erwagung nicht ausreichender 
gestiitzter Grund erscheint, nicht die voile Konsequenz aus 
den Ubbelohdeschen Arbeiten zu ziehen und durch die einfar 
che Mitberiicksichtung des specifischen Gewichts die wirkliche 
specifische Zahigkeit nach Engler zu bestimmen und ein ahn- 
liches Vorgehen auch fiir die Apparate anderer Lander zu planen. 
Wenn Herr Ubbelohde selbst aus Grunden einer gewissen 
Zuruckhaltung gegeniiber bestehenden Gebrauchen diese Konse- 
quenz noch nicht zur praktischen Forderung erhoben hat, so 
glaube ich nach Unterredungen, die ich fiber diesen Punkt 
mehrfach mit ihm gehabt habe, sein Einverst&ndniss daffir 
zu besitzen, dass das hier bezeichnete Ziel nunmehr, wo wir 
beim Engler-Apparat fiber feste Normen in den Abmessungen 
und in der Versuchausffihrung verffigen, und ahnliche Bestre- 
bung ffir die Apparate der anderen Lander teilweise verwirklicht 
oder in der Verwirklichung begriffen sind, etwas bestimmter 
verfolgen konnen. Dies wird eine erwfinschte intemationale 
Yerstandigung wenigstens auf einem wichtigen Teilgebiet 
bedeuten. 
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In der nachfolgenden Tabelle will ich Ihnen nun an einer 
Reihe von Versuchen und Berechnungen des Zahigkeitsfaktors 
und der speeifischen Zahigkeit aus den Zahigkeitsbestim- 
mungen nach Engler und aus der direkten Zahigkeitsbestim- 
mung auf dem vorztiglichen von Ubbelohde verbesserten F. 
TRAUBEseben CAPILLARzahigkeitsmesser genau zeigen, 
welche Fehler man begeht, wenn man die specifische Zahigkeit 
oder den Zahigkeitstfaktor aus den Englergraden unter Benut- 
zung der Ubbelohdeschen Umrechnungsformel bestimmt. 

Sie ersehen, dass die der auf dem Traubeschen Capillar- 
viscorimeter bestimmten speeifischen Zahigkeiten gegeniiber 
den dureh Umrechnung aus den Englerzahlen ermittelten 
speeifischen Zahigkeiten bei Oelen Englergrad, 6-9, 541 bei 
20° nur + 3 bis + 5% mehr betragen, sodass wir unter Anbrin- 
gung einer mittleren Korrektur von etwa, 4,2% die wirklichen 
speeifischen Zahigkeiten mit einer annahernden Genauigkeit 
von etwa 1% aus den Englergraden berechnen konnen. Nur 
bei dem sehr diinnflussigen Oel 1 (Englergrad 5,0 bis 10°) wiirde 
der Fehler fast + 4% betragen. Dies wiirde aber praktisch 
da der absolute Betrag der Zahigkeit gering ist, wenig belang- 
reich sein. 

Sie sehen gleichzeitig, dass die Zahigkeitsfaktoren um 2,4 
his fast 100 Einheiten mit wachsender Zahigkeit der Oele hdher 
sind als die speeifischen Zahigkeiten, 

Es liegt also kein Grund vor, diese Zahlen, die absolut genom- 
men erheblich wechselnde Abweichungen gegenuber den speci- 
fischen Zahigkeiten zeigen, einzufuhren, und auch Ubbelohde 
scheint den letzteren Zahlen in seinem neuesten Yortrag tiber 
die Theorie der Reibung, den er im April d. J, in Munchen gehalten 
hat, den Vorzug gegeben zu haben. 



xxv] Congress of Applied Chemistry 681 

TABELLE 


Beziehungen zwischen Englergrad, specifische Zahigkeit und 

Zahigkeitsfaktor 




Spec. Zahigkeit 
(Wasser 6°— 1) 




OdNo. 

Engler- 
grad bei 
20° 

bestimmt 
aus F. 
Traube’s 
Capillar- 
viskori- 
meter 

berechnet 
aus dem 
Engler- 
grad 

Differenz 
b 1 " 11 
% vm 

II 

Quotient 

b^ 

a 

Zahigkeits- 

faktor 

i 


18,8 

17,4 

+8 

3,74 

19,8 

2 

6,90 

(100°) 

24,6 

23,4 

+5,1 

3,57 

27,6 

3 

10,0 

37,7 

36,6 

+3 

3,77 

40,4 

4 

43,1 

165 

159 

+3,8 

3,82 

175,4 

5 

615 

2525 


+4,8 

4,10 

2504 

6 

541 

2212 

2120 

+4,3 

4,09 

2203 












( Abstract ) 

THE EFFECT OF EXPOSURE ON BITUMENS 
Prevost Hubbard and C. S. Rebye 

This paper describes investigations conducted for a year on 
eight typical samples of bituminous road materials which were 
subjected to exposure tests for periods of one, two, four, six, 
eight and twelve months. Changes in weight, consistency and 
insoluble organic matter were determined at the end of each 
period. 

All of the materials showed an increase in hardness due to 
exposure and an increase in insoluble organic material. Tar 
products lost weight continuously throughout a period of twelve 
months, while the petroleum and asphalt products showed 
either an increase in weight or only a comparatively slight loss. 
An increase in insoluble organic matter was noted which was 
considerably in excess over that calculated from the percentage 
loss in weight of the samples. This increase accompanies the 
hardening of the materials. 

It is concluded that the hardening of all bitumens upon expos- 
ure is not due to loss of the lighter constituents by volatilization 
alone, but also to oxidation and reactions occurring between 
certain constituents of the bitumens. Such reactions would 
seem to account for the increase in insoluble organic matter. 
The increase in insoluble organic matter in tars demonstrates 
that so-called free carbon is actually formed in tars upon exposure. 
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THE USE OF NATURAL GAS IN THE MANUFACTURE 
OF OPEN HEARTH STEEL 

Norwood Johnson 
Pittsburgh, Pa. 

The first use of Natural Gas in the manufacture of open 
hearth steel was at the Homestead Steel Works of the Carnegie 
Steel Company on October 27th 1886, and it is still used for 
that purpose in all of the open hearth departments, in the above 
works to the present time, where they now have 64 Open Hearth 
furnaces. It is also used by the United States Steel Corpora- 
tion in all of its open hearth departments, wherever obtainable 
for the reason that, as a fuel for this purpose, it has no equal. 
It was at once recognized as an ideal fuel for metallurgical 
purposes for the following reasons: — 

1st. Having a high heat value. 

2nd. Not loaded with useless nitrogen. 

3rd. Easily handled. 

4th. Much easier to keep clean than with a producer gas. 

5th. Generally much cheaper. 

6th. Gives a larger output than any other fuel. 

It will never be fully appreciated by those now using it until 
they are compelled to use other fuel; requiring about 5,000 
cu. ft. of natural gas, at eight ounce pressure, to melt one ton 
of open hearth steel. These figures represent the best results 
obtainable in the latest improved furnaces. 

The general analysis of this gas may be reported as follows: — 


Carbon Monoxide, Co 1 . 8% 

Methane, or Mardi Gas, CH« 94.5% 

Ethylene, sometimes called Uluminants CaH« 1.2% 

Nitrogen, N 2.5% 


685 


100 . 0 % 
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The average amount of moisture in a cu. ft. of gas is .56 grains. 
It is 58% as heavy as air, and the average calorific value is high 
calorific 1045 B.T.U lower calorific value 970 B.T.U. 


COMMERCIAL ASPECTS OF THE COAL BRIQUETTING 

INDUSTRY 

Chakles T. Malcolmson 
Chicago , III . 

Next ip agriculture, the production of coal is the most impor- 
tant factor in our national wealth. This country now leads the 
world with a coal production of over one-half billion tons. As 
in all new countries, the national resources are exploited by 
private individuals for immediate returns and large profits, 
with studied disregard of economy or future requirements. This 
depletion is of serious consequence when it extends to coal, which 
cannot reproduce itself. We are told by experts, that at our 
present rate of consumption, our coal will last about two hundred 
years. 

Recently the conservation of our natural resources has become 
an active movement, particularly with reference to necessities 
which affect the people directly, or are a controlling factor in the 
cost of living. There is no industry however large, nor wage 
earner however small, that is not affected more or less directly 
by the cost of coal. The present condition of the bituminous 
coal industry, which forces fuel on the market at ridiculously low 
prices, is too demoralizing to be maintained much longer. With 
the inevitable reaction must come a solution of the difficulty, 
which will place this important industry on a sound business 
basis. 

In digging coal only fifty to sixty per cent is actually brought 
to the surface; the balance, in the form of pillars, top or bottom 
coal, fine coal, dust and thin veins, is left and can never be recov- 
ered. At the prices paid today for bituminous coal, the operator 
must steal from tomorrow in order to make a showing for today. 
Overproduction is the cause, and cut-throat competition the 
result. New mines with improved methods of mining are con- 
stantly being opened up, so that the old mines must either be 
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shut down, or more ruthless methods and criminal wastefulness 
resorted to, in order to meet competition. 

The high quality of our coal, the comparatively easy mining 
conditions and the fact that we have not been subjected to foreign 
competition, have thus far postponed the settlement of this 
issue. Similar conditions existed in Germany prior to 1895. 
At that time the German Coal Cartel or Rhenish Westphalian 
Coal Syndicate was formed, which was the greatest combination 
of its kind in the world, with an annual output of 50,000,000 
tons. This is the organization which has enabled Germany to 
develop her coal exports in the face of the enormous competitive 
power of England, favored as the latter is by a larger production 
of high grade coal and the greatest shipping service in the world. 
The leading ideas of the German compact are to abolish price 
competition and regulate production. There are many degrees 
of development in these pools, from mere agreements on prices, 
terms of sale, restrictions of production, divisions of territory, 
etc., to highly organized aggregations of capital in which indi- 
vidual members give up a large part of their independence and 
agree to act under a central authority with extensive powers. 

The existing laws of our country governing Trusts will not 
permit agreements for the regulation of prices and production, 
and refinements in methods of mining and preparing coal to 
increase the total revenue, must be substituted. 

Payment of miners on the “mi n e-run basis/ 'and “shooting 
from the solid” have resulted in an increased degradation of the 
coal, with consequent lower revenue to the operator. Competi- 
tion has forced cleaner preparation and a greater number of sizes, 
until today we have eighteen sizes marketed in Illinois, when 
only three are really required. The overproduction of fine coal 
has developed the mechanical stoker in large manufacturing 
centers, so that there is a shortage of fine coal during the spring 
and sum m er months ) when the price of fine coal or screenings 
reaches the cost of producing mine-run, lump coal is often crushed 
at the mine to meet the requirements. This demand for fine 
coal has given a false impetus to the operator, so that during 
the winter months when there is an increased demand for sized 
coal, the overproduction of fine coal causes a slump in the market, 
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and a reduction in the total revenue of the mine. Seventy-five 
per cent of the coal produced is consumed by steam plants, coke 
ovens, and other industrial concerns, in which the demand for fuel 
is practically constant throughout the year. Such fluctuation 
in demand as the records show is due to the difference between 
the summer and winter requirements of the domestic trade. 
This difference as applied to the total monthly production is 
obviously small, as shown by the Government and State reports. 
These statements apply more generally to bituminous coal, 
which represents approximately 85 per cent of our total coal 
production. 

When a market is so sensitive to conditions of supply and 
demand the reasons are not hard to find. Undoubtedly the 
main reason is that the coal will not stand storage without loss. 
The truth of this statement is illustrated by the steady anthracite 
market; the price, however, is systematically regulated with a 
view to stimulating the movement of coal during the summer 
months, as anthracite is primarily a domestic fuel. 

None of our bituminous coal can be stored without depreciating 
its fuel value. This is especially true of the finest of high grade 
coal and of all kinds of low grade coal; which brings us to the 
main subject of this paper, — briquetted coal. 

Coal briquetting originated on the European Continent; the 
first commercial machine having been built in France in 1842. 
But Germany has far outstripped other countries in the devel- 
opment of the art, supplying in 1909 over 73 %* of the world's 
production of coal and lignite briquets. It is said 2 that the 
briquetting industry was stimulated in Germany by local neces- 
sity, the native coals being scarce and inferior; and also by ex- 
ploitation on the part of the Coal Cartel. 

The report 3 to which we have already referred, deals further 
■with facts which bear directly on conditions in America. It 
states that the briquet industry in Great Britain is confined 
principally to South Wales, where the plants are operated in 
connection with the collieries. The excellence of the low volatile 
Welsh coal has been a factor in establishing these briquets, which 

» (Robert Schorr ) 

* Beport of Royal Commission Gt. Britain. 
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are low in ash and require a small amount of binder. The indus- 
try has suffered in England because, for the most part* the plants 
are operated independent of collieries; insufficient care has been 
taken in selecting the raw materials; no washed slack is used; 
eggettes are manufactured which are expensive owu|g to large 
percentage of pitch required and breakage in manufacture. 
Briquet factories have not flourished in the northeast at England 
for the following reasons: 

“ 1. Facilities for shipping small coal to the Continent where 
briquets are made on scientific lines. 

“2. Large use of coal for coking. 

“3. Good market for fine coal in industrial plants. 

“4. Comparatively low price of screened lump coal at north- 
east ports, with which briquets must compete.” 3 

The demand in the United States has been towards briquets, 
of such size and shape as would replace the commercial si#es of 
prepared bituminous and anthracite coal. The very low price 
obtained for coal has left small margin for the briquetting charge. 
The binder represents more than half this charge, so that every 
effort must be made to keep the percentage of binder down, and 
at the same time produce merchantable briquets. Presses of 
large output decrease the manufacturing cost on such items as 
labor, fuel and fixed charges, without reducing the binder cost, 
the result of these conditions has been to develop briquetting 
presses of the plunger type, having a large output of sn*all 
briquets. 

European experience has taught us that in order to establish 
an economical and therefore merchantable product, briqufts 
must be made in a form adapted to the use for which they are 
sold. The large rectilinear briquets exported by British con- 
cerns do not meet the demands of American practice, as they 
require too much labor in handling, and must be broken up before 
being used. On account of their high binder content, eggettes 
or boulets are not satisfactory except when made from anthracite 
coal, and then only when the greatest care is taken in their manu- 
facture. The manufacturing cost of these briquets is such Ifaat 
they can compete only with anthracite stove sizes for domestic 
* Report Royal Commission Great Brit ain. 
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use, which is the most critical trade to satisfy. Hence an excess 
of pitch binder is often fatal to the business, giving a setback to 
the industry in general. The attempt is frequently made to util- 
ize the waste anthracite coal known as “culm,” which is the dust 
passing through 3-32” round hole screen. This culm contains 
from 15 to 35% ash, and tends to make a slow burning and 
smoky fuel of lower calorific value than the prepared sizes of 
anthracite. The culm is so fine that reduction in ash by washing 
is very difficult; and the separation of impurities from the coal 
by dry processes has yet to be perfected. 

Two distinct classes of briquetting machines have been devel- 
oped in Europe, known as the plunger and rotary or Belgian 
type. Briquets made on the plunger type of presses vary from 
2 to 22 lbs. in weight, and are usually rectilinear. The output 
is small, owing to the mechanical difficulty in moving the heavy 
reciprocating parts. Plunger presses have the advantage of 
making a uniform product in which a small binder content is 
permissible on account of the high pressure obtainable. There 
is very little waste in operating these machines. The rotary or 
roll presses have relatively a larger output than plunger presses, 
if we consider the size of the briquets. The necessity of more 
binder, owing to the lower and more variable pressures obtainable, 
the waste produced, and the greater power consumption, increase 
the manufacturing cost. 

Continuous mold presses, having a capacity of 50 tons per 
hour of 1 lb. briquets, are now on the market. It requires no 
more labor to operate one of these machines than a boulet press 
of 5 tons per hour, while it is evident the up-keep cost is much 
less per ton of briquets produced. Machines of this type permit 
nicer regulation of the mixture, resulting in a uniform product. 
The continuous mold type of plunger presses has been perfected 
in the United States; the machine combines the efficiency and 
exactness of the reciprocating plunger type with the continuity 
of operation and larger capacity of the Belgian machines. As 
the binder is the largest single item of cost, every effort must be 
made to reduce the amount necessary to insure merchantable 
briquets. In order to accomplish this, a perfect mixture of coal 




692 Original Communications: Eighth International [vol. 

and binder, and a uniform temperizing of the agglomerate must 
be obtained. 

Nearly every known substance having bonding properties has 
been tried as a briquet binder, but except in special instances, 
the only practicable one is pitch, which is made from tar recovered 
as a by-product in the destructive distillation of coal, from by- 
product coke ovens, or in carburetting water gas for illuminating 
purposes. 

In spite of its general use, it certainly cannot be claimed that 
pitch is a perfect “binder. ” It is nearly all volatile combustible 
which produces smoke in burning; it usually gives off napthalene 
and other irritating and corrosive vapors that are injurious to 
the workmen, unless great care is taken in the manufacture of 
the pitch. On the other hand, pitch is distinctly a coal product 
and has the essentials of a good fuel; if properly made it is a 
good bonding agent; its melting point is such that the mixture 
can readily be “fluxed” with steam at atmospheric pressure, 
even though the pitch is hard; it is impervious to the action of 
water; a briquet made from pitch and non-coking coal and sub- 
jected to high pressure, will form coke in burning; pitch is cheap 
and available in all the manufacturing centers of the East and 
Middle West. 

The objections are minimized when hard pitch is used; and 
this has the further advantage of hardening rapidly in the briquet 
so that ten minutes after the briquets are made they can be 
shipped or stored if properly cooled during that time. 

There are local conditions in this country where other binders 
can be used more advantageously on account of the cost of coal 
tar pitch. On the Pacific Coast and in certain Rocky Mountain 
states, asphalt recovered from the distillation of petroleum 
furnishes an excellent binder, obtainable at a reasonable price. 
Attempts are being made to use crude petroleum as a binder by 
a process of rapid oxidation or the introduction of emulsifying 
and hardening agents. The same objection may be made to 
these as to the use of starch, sulfite pitch and other organic 
binders. The briquets require an additional treatment of drying 
or baking, which becomes very expensive in plants of large output. 
In Europe, where labor is cheap, some processes of this nature 
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have met with success. Another objection to organic binders 
is that they are soluble in water, and the briquets must therefore 
be protected from the weather. 

Except for the amount of impurities, all the coal from any mine 
has the same theoretical heating value. In order to increase 
the fuel value, and consequently the selling price of the coal, it 
is “prepared” for market by reducing or eliminating the impuri- 
ties. This is accomplished by screening, washing or dry separa- 
tion. The effective heating value is further increased by “ sizing ” 
the coal, and the nearer to uniformity of size, the better the 
results obtained. For this reason, great care is taken in “pre- 
paring” anthracite coal for market. 

In the bit umin ous coal industry, the increased competition 
has forced operators to refinements of preparation which do not 
seem justified by the low selling price of the fuel. The coal is 
both washed and sized. Since the fuel value is practically uni- 
form, there seems no good reason why the lump, egg, nut and pea 
should bring different prices, except that some of this coal is 
for industrial purposes, and some for domestic use. The coal 
which is handled several times before it reaches its destination, 
must be screened to meet market requirements. This means 
that the total value of the shipment has depreciated. 

Another factor in the marketing of prepared coal is the unequal 
demand for the various sizes. The operator is a much stronger 
position if he has only one kind of product to sell. The conditions 
which prevail at our large distributing centers, like Superior and 
Duluth, illustrate this statement. In handling high grade coals 
like Pocahontas and New Elver, even the slightest preparation 
produces a large percentage of slack. The market for this slack 
is limi ted and the price low. In consequence it is difficult to 
realize enough more for prepared coal over the mine-run to pay 
for the lower selling price of the slack. Here is a situation which 
is met perfectly by briquetting the slack. The process converts 
a low priced coal, having a limited market, into a high priced 
domestic fuel for which the demand is unlimited. 

One of the largest coal companies in this country has just 
completed at Superior, Wis., the largest briquetting plant on 
this side of the Atlantic for the briquetting of high grade bitumi- 
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nous West Virginia coal. The briquets are fast becoming estab- 
lished as a satisfactory domestic fuel and a keen competitor of 
prepared anthracite. By means of briquetting, the coal com- 
pany is able to put on the market a much better preparation of 
lump and egg coal, and even carry this refinement to nut and 
pea sizes when the markets demand them, briquetting the sur- 
plus of fine coal, and greatly increasing the total revenue from 
all the coal. Briquetting also eliminates the probability of fire 
from the storage of fine coal on the dock. 

Coal mined in the Pacific Coast states is of poor quality com- 
pared with that found in other sections of this country. The 
demand, however, is so great that the fuel brings a high price. 
The use of fuel oil on the Coast has made great inroads into the 
steam coal business, so that fine coal is a drug on the market. 
This situation years ago presented many features similar to the 
conditions upon which coal briquetting thrived in Germany. 
It gave an early impetus to our briquetting industry, and many 
plants were established. Because all the problems involved 
were not given due consideration, none of the plants has been a 
commercial success. Yet no section of the continent offers a 
better opportunity than is presented to the coal operators on 
the Pacific Coast today, for a modem briquetting plant properly 
designed and securely financed. 

The same causes which led to failure of the Coast enterprises 
have produced similar results in other localities, and are but a 
repetition of experiences in England. The briquetting of coal 
is apparently so simple an operation that astonishing results are 
often obtained by the crudest apparatus. A few hand-made 
briquets serve unscrupulous promoters in organizing companies, 
selling stock and promising phenomenal returns. Unfortunately, 
coal is very cheap in this country, and the margin between slack 
from which the briquets are made and the lump with which they 
must compete, is so narrow that only very carefully designed 
plants of large output can produce briquets at a reasonable profit. 
Such plants must work in conjunction with established coal 
companies which are successful in the marketing of coal, and have 
ample supply of raw materials at their command. 

As in any new business, the briquets must be introduced and 




xxv] Congress of Applied Chemistry 695 

the consumer educated to their use. The companies must be 
prepared to carry on the business, even at a loss, until the value 
of briquets is established, and the popular prejudice against any 
new product overcome. Many companies which were able to 
manufacture briquets after overcoming the mechanical difficul- 
ties, failed because they were not conversant with the commercial 
conditions, or because they ran short of funds before the briquets 
were established with the trade. 

Practically all of the European railroads use briquets, and the 
quantity varies from 15 to 40% of the total coal consumed. The 
briquets for railway and steamship use are prismatic in shape. 
The French navy specifies 22-pound briquets. These briquets 
are broken before firing, and if well made will break into pieces 
without making dust. The railroads use briquets not to exceed 
11 pounds in weight, which are fired one or more at a time, by 
hand. Storage fuel is usually in the form of briquets; they are 
carried on the tanks along with coal and generally used to get up 
steam, to make up time, or over heavy grades during the run. 

The specifications to contractors furnishing briquets to the 
state railroads on the continent are very rigid, particularly in 
France. These specifications vary somewhat in the different 
countries, but are covered generally by the following items: 

1st. Briquets shall be well made, sonorous, entire, with sharp 
edges, breaking with a clean-cut, brilliant and homogeneous 
fracture. 

2d. Their cohesion shall be not less than 55% and they shall 
not soften at 50 degrees C. 

3d. The briquets shall ignite easily without causing dense 
black smoke, shall burn with a quick bright flame and be con- 
sumed without disintegrating. The slag or clinker shall not 
adhere to the grates or tube sheets. 

4th. The briquets shall not be hygroscopic nor contain more 
than 4% moisture. They shall contain between 15 and 22% 
volatile combustible, and not more than 11% ash. The coal 
shall have been freshly mined and free from sulphur. 

5th. Coal tar pitch is the only binder specified; it must be 
practically odorless and the amount limited to 10%. 

6th. The briquets must be prismatic with a square base; 
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when specified they are from 3 to 11 pounds in weight, according 
to kind of coal used, with a density of from 1.13 to 1.21. 

These specifications regarding quality of briquets may be 
applied to requirements in this country. Prismatic briquets 
have not met with success here for reasons already mentioned. 

Briquets and coal when burned in locomotives under the same 
conditions and at the same rate of combustion show an increased 
boiler efficiency of 15%, and and increased equivalent evapora- 
tion of 20% in favor of briquets. It has been thoroughly demon- 
strated that 25% more briquets than coal can be burned per 
square foot of grate surface per hour in a locomotive. 

These results are attributed entirely to the physical character- 
istics of the briquets, as they show practically the same calorific 
value as the coal. The rate of combustion of any coal is limited 
by the air supply and the ability of this air to mix with the gases 
from the coal. When a lump of coal burns, the tendency is for 
the gases to pass off through the lines of least resistance; that is, 
from the crevices made in the coal as it breaks up in the fire. In 
the case of briquets there is no tendency to do this, owing to 
their homogeneous and porous structure. 

If we examine a briquet in the process of burning, we find that 
it bums entirely from the outside. As the volatile combustible 
is driven off a layer of coke is formed which bums to ash and 
falls off or is carried away by the draft. Thus we find successive 
layers showing partial combustion of the fuel while the inner 
part is unaffected, and the briquet retains its identity as such 
until entirely consumed. 

The density of the briquet is of prime importance. Harder 
briquets do not break up so easily and they bum more slowly 
in the fire. Thus the volatile combustible is driven off more 
nearly at the rate at which it can be burned with greatest econ- 
omy, and the briquets form coke during the process of combustion 
even though made with an otherwise non-coking coal. This is 
more essential with high volatile than with high carbon coals. 

Uniformity in size is the first consideration in obt aining eco- 
nomical combustion of any fuel. We have already noted the 
care which is observed for this reason in the preparation of an- 
thracite. The market price of sized bituminous coal as against 
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screenings or mine-run of equal calorific value, is another proof 
of this statement. Briquets are uniform in size and have the 
further advantage of remaining so until consumed. 

The physical character of coal as delivered to the furnace, 
and its behavior in the fire, are often of more importance than 
its theoretical heat value. It is the usual experience that bri- 
quets make no objectionable clinker. The ash is finely divided 
and easily shaken through the grates. This is to be expected 
from the manner in which the coal is prepared before briquetting, 
and from the uniform distribution of the slag-producing elements 
of the ash, such as iron pyrites, throughout the briquet. 

We often wonder why “lump” coal is so popular and brings 
such a high price. Certainly no one ever burns “lump” coal 
in his stove or house furnace or under his steam boiler. The 
locomotive comes nearest being an actual consumer of “lump” 
coal; but now the most progressive railroads are eliminating 
this idea by requiring that all the coal for use on their locomotives 
shall be crushed so as to pass through a 4" or 5” bar screen. 

Undoubtedly this form of coal is demanded in the interests 
of the retail coal dealer who wishes to reduce his yard losses. 
When he comes to realize that the loss in handling the best 
“fancy lump” far exceeds that made in handling briquets, the 
newer fuel will come into its own. 

The cleanliness of briquets is another important factor in their 
success as a domestic fuel. Smoke prevention is of universal 
interest, and has been the subject of a campaign of education 
throughout the country regarding the causes of smoke, in the 
burning of bituminous coal. Less effort is required to stoke a 
hand-fired boiler and maintain steam with briquets than with 
the commercial sizes of bituminous coal on the market today. 
This means that more opportunity is given to fire the boiler 
properly, get better and more economical combustion and greatly 
reduce the smoke nuisance. 

When we consider that the railroads of the United States spend 
$200,000,000 annually for coal, any saving, however slight, is 
worthy of serious consideration. Even a saving of 10% on the 
coal stored by the railroads would represent a yearly economy of 
nearly $2,000,000. The item of greatest importance, however, is 
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the economy which can be practised by the purchase and storage 
of briquets during the period of least demand for cars by the 
industrial world, and the use of the equipment for railroad pur- 
poses during that period. 

The great complaint of the operator is the shortage of cars 
during the winter months. The difficulties of moving trains 
during this period of the year only add to the general discomfiture. 
Cars are tied up with coal in transit, or are held at division points 
as storage receptacles for railroad coal, when they should be 
earning revenue to their owners. Any unusual weather condi- 
tions work great hardships to the operator, transportation com- 
pany and consumer. 

European practice in the matter is assurance enough that 
briquets can be stored for long periods without appreciable deteri- 
oration, and experiments by the Government in this country 
show similar results. The degradation due to handling briquets 
to and from storage by modern mechanical appliances is much 
less than with the raw coal. 

At the present time many of the railroads, particularly in the 
West, must purchase selected high grade Eastern fuels for storage 
purposes. This entails great expense for freight charges. If the 
storage fuels were carried in the form of briquets, lower grade 
coals could be utilized. Frequently these are near at hand and 
are the coals used daily for locomotive use. They cannot be 
stored without serious depreciation, and are frequently a total 
loss. Briquets made from these lower grade bituminous coals, 
(such as those mined in Indiana, Illinois and Kansas) show an 
evaporative efficiency equal to that of the best Eastern coals 
when used as mined. The saving which can be easily and directly 
reckoned from increased efficiencies based on cost of fuel alone, 
is enormous. The value in having an available fuel supply 
during mining and transportation interruptions; the value of 
briquets to increase the capacity of locomotives upon demand, 
and the liberation of coal cars for service, are economies none 
the less important because difficult to compute. 

There is another phase of the briquetting industry which has 
not even seen the light in this country ; namely, the use of lignite 
or brown coal, of which we have about 125,000 square miles. 
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The principal output of German briquets consists in those made 
from brown coal and manufactured in open mold machines with- 
out a binder. 

Experiments in lignite briquetting have been carried on by 
our Bureau of Mines. The results show that only a small part 
of our lignites can be successfully briquetted in the German 
manner. The briquetting of the raw lignite after the practice 
of coal briquetting has been abandoned as futile. Considerable 
progress has already been made on a process for the partial dis- 
tillation of the raw lignite, so that the resulting carbon may 
be manufactured into satisfactory fuel. No commercial plants 
have been built, but briquets made in experimental plants prove 
the possibility of producing a satisfactory domestic fuel. In 
the Dakotas, particularly, which aside from lignite have no fuel 
except that which is shipped in, any process which will utilize the 
lignite will be a great boon. 





INDUSTRIAL CONDITIONS OF THE UTILIZATION 
OF NATURAL GAS 

J. C. McDowell 
Pittsburgh, Pa. 

The Natural Gas Industry is a new enterprise peculiar to the 
United States and Canada, and has been wholly developed 
during this generation, for while its use can be traced back to 
lighting the village inn at Fredonia, New York, on the occasion 
of the reception of Marquis De Lafayette in 1824, its use did 
not assume any substantial commercial importance until 1882- 
1883 when natural gas began to be utilized extensively in the 
Pittsburgh region and to some extent elsewhere in Pennsyl- 
vania, both for domestic and for industrial fuel purposes. 

Its growth has been phenomenal, and it now ranks with the 
great industries of this age; it is expanding with accelerated 
speed. The total value of gas consumed has increased from 
$475,000 in 1883 to $23,698,674.00 in 1900 and $70,756,158.00 
in 1910. At this time, the total capital invested in the business 
is approximately $330,000,000.00 and this does not include the 
capital invested in collateral enterprises developed by the de- 
mand for material and supplies, created by the parent industry. 
The business has progressed from a precarious commercial en- 
terprise to a science demanding skill of the highest order for its 
proper management. 

Great improvement has been made in the past fifteen years 
in the methods of transporting, distributing and consuming 
natural gas. In this period cast iron pipe, with lead joints, has 
given place to steel pipe with rubber packed joints, hand regula- 
tion to automatic, a perforated pipe burner in a coal stove or 
furnace to modem appliances and today the most modem steam 
plants are being supplanted by natural gas engines. 

A large army of keen inventive men with minds alert for 
improvements in their chosen business are making important 

701 



702 


Original Communications: Eighth International [vol. 


changes in methods and devices so rapidly that it is difficult to 
keep pace with them. 

A glance at the statistical report of the^United States Geo- 
logical Survey on the Production of Natural Gas in 1910, 
hereto attached, discloses the importance of the industry in 
thirteen (13) states and its existence in seven (7) states addi- 
tional. It has also become an important factor in three (3) 
provinces in Canada: New deposits are being discovered and 
developed each year. It is the opinion of many persons qualified 
to speak on the subject, that the industry is still in its infancy 
and facts show the last year to be the maximum year in con- 
sumption and value of product sold. 

It will be observed that Pennsylvania, the first state in which 
natural gas was used, still maintains the supremacy in volume 
and value of gas consumed, while Ohio is a close second. In the 
year of 1910, 1,327,722 domestic consumers in the United States 
were supplied with a daily average of 465,000,000 cu. ft. of 
natural gas at an average price of twenty-four and four-tenths 
(24.4ft) cents per cubic foot — an average daily equivalent of 
23,250 tons of Bituminous Coal. 

The saving to the consumer, in the use of gas, over coal is un- 
doubtedly much greater than all the dividends declared by the 
corporations suppplying the gas and it is highly appreciated. 

In the early years of development it was difficult to secure 
capital to carry on the business, then considered hazardous, 
but the steady growth and stability of the industry; the pros- 
perity its production brings to a community and the profitable 
returns from natural gas investments for many years has com- 
pelled many financiers, once fearful of results, to realize that 
with conservative management they are among the best securities 
offered to the public. 

The importance of the natural gas industry in the develop- 
ment of the country is realized by comparatively few, as its work 
is so unobtrusively done that it attracts no attention. 

The Pittsburgh District, whose tonnage exceeds London, New 
York, Liverpool and Hamburg combined — undoubtedly owes its 
supremacy to the impetus given it by natural gas. The iron 
masters of Pittsburgh were saying that the iron business must 
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go to the lakes to meet the ore, when in 1883 to 1885 natural gas 
superseded coal in practically every industrial plant in Pitts- 
burgh. For six years gas was supplied in Pittsburgh and vicinity 
at from one third to one half the net cost of coal. New indus- 
trial plants multiplied until inability to secure suitable locations 
has been the only check to the growth of the region. 

The Iron and Steel Industry 

Puddling Furnaces 

In puddling furnaces, one ton of muck bar required forty (40) 
bushels of coal, costing about $2.00 per ton; gas was supplied 
at one-half that amount. In addition to the saving in the cost 
of fuel there was a large saving in repairs to furnaces, in handling 
coal and ashes and increased output. 

Open Hearth Furnaces 

In open hearth furnaces the fuel cost of steel was reduced 
from $1.00 per ton to 55j£. The quantity per week was increased 
fully twenty-five (25%) per cent and the quality improved over 
one per cent in sulphur analysis and the life of the furnaces pro- 
longed. At the present time, a ton of open hearth steel can be 
produced with 5,500 cu. ft. of gas and nine melts can be made 
per week, as against six melts with coal. Open hearth furnaces 
using coal cannot successfully compete with natural gas at the 
present time. 

Heating Furnaces 

From tests made in heating a 160-pound pile, the saving in 
wastage in the use of gas over coal, is over 10%. There is also 
a great saving in handling coal and ashes and the life of the fur- 
nace is greatly prolonged, while the output from each furnace 
is greatly increased, equally good results obtained in all lines of 
iron and steel manufacturing; many iron and steel plants, by 
utilizing space otherwise required for handling coal, doubled 
their output. 
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The Plate Glass Industry 

In 1883, when natural gas was first used in the manufacture 
of plate glass, there were two small factories in the United States, 
with an output of about one million square feet per year, prac- 
tically all our supply was imported, and its average price was 
over Two ($2.00) Dollars per square foot. The first plate glass 
plant using natural gas was built in the Pittsburgh District, in 
1883 by the Pittsburgh Plate Glass Company. Then followed 
Tarentum, Ford City, Charleroi and Walton by the same com- 
pany. Plants were also erected in Butler, Penna, and Ellwood, 
Indiana, all using natural gas. The Pittsburgh Plate Glass Com- 
pany has owned its own supply from the first and now cons um es 
over 10,000,000 cu. ft. daily in their own works in the Pittsburgh 
District and nearly as much in its works at Barberton, Ohio. 

The development of this industry is directly credited to the 
natural gas. The total yearly output of the plants in the United 
States was over 40,000,000 sq. ft. in 1910 and the average price 
less than thirty (30$ cents per square foot: Only about six 
million feet are imported and that in small sizes. 

Window Glass 

In addition to the saving in fuel value resulting from cheap 
gas supplied to window glass factories throughout the gas belts 
of the United States the saving in labor is greater in this in- 
dustry than in any other. Its use greatly improves the quality 
of the glass and increases the output of each pot or tank: Prac- 
tically all of the window glass factories in this country are 
using natural gas. 

Flint Glass 

The use of gas has greatly stimulated this branch of the glass 
industry, resulting in the keenest competition. Plants located in 
the gas district, where gas is very cheap are selling their product 
so low that factories not so favorably located for cheap gas are 
suffering. The glass products of the United States are selling 
in London at a profit at the same for which they are sold here, 
with freight added. The yearly product has grown from 80,000 
tons in 1892 to over 300,000 tons in 1910. 
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Brick Making 

Natural gas has many advantages over any other fuel for 
brick making, other than its relative cost, particularly in the 
quality of the product, and the saving in waste brick. It re- 
quires an average of 8,000 cu. ft. of gas to burn one thousand 
paving brick. This industry has assumed enormous proportions 
throughout the middle west, where cheap gas is obtainable. 

Pottery and Tile 

Wherever suitable clay can be found in the vicinity of an 
ample supply of cheap natural gas, the manufacturer has a 
substantial advantage over competitors, not so favorably situ- 
ated, in the superiority of his product and the reduction of the 
waste. 

Cement and Smelting Works 

The immense cement and smelting works of Kansas and 
Oklahoma owe their existence to natural gas, each cement 
works usually securing its own supply of natural gas and con- 
veying it to its factory at the limestone quarry nearby. 

For the past ten years the cement works of Kansas, have by 
reason of the cheap gas fuel near their works, had a monopoly 
of the business within reasonable freight rate areas to the extent 
of the capacity of their works. 

The smelters of Kansas and Oklahoma secure their ores prin- 
cipally from the lead and zinc region of Kansas and Missouri. 
It is safe to say that the cost of gas to the cement works and 
smelters, and also to the brick yards in Kansas and Oklahoma 
for the past ten years has been less than 2J per thousand cu. ft., 
equivalent to fifty cents per ton for coal. 

Generating Steam for Power Purposes 

The extent of the use of gas under boilers for generating steam 
for power purposes is determined by the price of coal in the fur- 
nace, compared with the price of gas, consideration being given 
to the increased capacity of gas fired boilers, comparative cost 
of attendance, economy of space and possibly quick firing to 
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care for peak loads. Ia actual practice from 18,000 to 20,000 
cu. ft. of gas under boilers is equal to one ton of the best Pitts- 
burgh coal. This result can only be obtained by the installation 
of modem burners and expert boiler setting, consequently while 
there is at all times, a basic competition between the cost of 
natural gas and coal in the boiler furnace, the consumer is w illing 
to pay a fair margin of difference in favor of natural gas for the 
advantages suggested. 

Inteknal Combustion Engines 

The gas engine development of the past twenty years has 
kept pace with the natural gas industry, with which it is most 
closely associated. In gas regions, where gas is regularly sup- 
plied for industrial purposes, gas engines are in very general 
use, particularly, for plants requiring 250 H. P. or less, and 
many large power plants are also equipped with gas engines. 

The modem gas compressor stations installed by the gas 
companies for the purpose of taking the gas at low pressure 
from the wells and conveying it at high pressure, through long 
lines to distant markets are usually equipped with gas engines 
when large power is required, the units are frequently 1300 
H. P. direct connected to compressors and are very efficient. 
Manufacturers of these engines now guarantee a consumption 
of only 9 cu. ft. of 1000 b. t. u. gas (when average quality of gas) 
per h.p. hour, when running at 75% of the rated load and 
12 cu. ft. per h. p. hour is guaranteed in units of from fifty to 
250 h. p. — as compared with the consumption of gas per h. p. 
hour in steam driven motors, the consumption of gas in gas 
engine practice is less than one third of the consumption by 
steam engines. 

_ Notwithstanding, the increase of domestic consumption at 
times of maximum demand (in the winter) has taxed the limit 
of the pipe line systems to such an extent that industrial con- 
sumers cannot be supplied at all times, and many companies 
shut off all industrial consumption during the winter mont h s . 

The industrial consumption continues to grow. In 1910 
18,267 industrial consumers used 339,332,279 thousand cubic 
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feet, an average of 929,000,000 cu. ft. per day, equal to 46,450 
tons of bituminous coal. An impression prevails that gas is not 
now used to any extent in manufactures in the Pittsburgh dis- 
trict. When the business of the district is in a normal condition 
a volume of gas is consumed equivalent to 600 tons of coal daily. 
If the gas supply was shut off from the mills of the Pittsburgh 
District its business would be paralyzed, many of its factories 
would be compelled to move by reason of lack of space to handle 
coal and the inadequacy of the present railroad facilities, that 
are congested at times handling the finished product. 

The manufacture of carbon black, (lamp black) from natural 
gas has become an important feature. The general principle in 
all of the methods used in the manufacture of carbon black 
from natural gas is that of incomplete combustion, a very 
wasteful method. A recent discovery of a method of decom- 
position is being experimented with at the present time and if 
operated on a commercial basis will probably revolutionize the 
carbon black industry. 

The manufacture of gasoline from heavy gas, usually casing 
head gas, very seldom transported through lines to market is 
a comparatively new branch of the industry, utilizing a product 
heretofore wasted. As the price of gasoline advances the busi- 
ness will undoubtedly enlarge. 

The appalling waste of gas is decreasing and there is now 
comparatively little to complain of except in Oklahoma and 
Caddo, where the terrible waste still continues, practically un- 
abated, principally from wells producing both oil and gas. If 
the gas companies would engage to take this waste gas from the 
oil producers at a low price, and would equip their gathering 
systems in the field to receive such gas at a pressure which 
would not interfere with the operation of the oil wells, the waste 
from the principal source would be ended. 

In many localities this arrangement could be made with 
profit to both parties, and when the oil producer can be shown 
a profit, the waste will cease. 

The future of the industry, in most localities, seems secure for 
many years. The deposits in the devonian formation of the 
Appalachian region show slow decline. Many new reservoirs 
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have been tapped and it is reasonable to expect deposits in 
lower horizons in many regions yet untried. Increased prices 
will result in a less volume of consumption, more careful use 
and consequent longevity of this matchless fuel. 

The following table gives the distribution of gas consumed 
for industrial purposes in 1909 and 1910 by States: 

DISTRIBUTION OF NATURAL GAS CONSUMED IN THE UNITED STATES IN 1910, BY 

STATES 


State 

Producers 


Consumers 

Gas Consumed 

Report- 

Report- 
ing gas 
from 
oil 

wells 

Total 

Domestic 

Indus- 

trial 

Quantity 

M. 

cubic 

feet 

Domestic, 
Cents 
per M. 
cubic 
feet 

Value 

Pennsylvania. . . 


819 

! 1,584 

2,403 

321,430 

5,591 

43,404,565 

25.3 

$10,972,250 

Ohio. . 


1,630 

638 

2,268 

475,505 

3,804 

60,539,597 

25 0 

15,145,537 

Kansas 

A 

204 

38 

242 

185,972 

1,228 

23,792,122 

21 9 

5,202,914 

West Virginia.- . , 

B 

241 

189 

430 

86,778 

2,823 

13,637,059 

17.4 

2,377,276 

New York 


273 

375 

648 

106,538 

1,058 

12,247,528 

29.7 

3,646,180 

Oklahoma 

6 

168 

343 

511 

38,978 

2,059 | 

5,397,284 

16 9 

912,968 

TnHiana. 

0 

1,027 

117 

1,144 

36,054 

282 

4,315,403 

30 1 

1,299,247 

Kentucky 


47 

21 

68 

27,961 

112 

2,574,352 

27.9 

718,657 

Illinois 

E 

207 

227 

434 

10,109 

479 

1,266,057 

21.9 

278,377 

Louisiana 


21 


21 

8,547 

320 




Texas 


1 19 

20 

39 

14,719 

133 

1,616,332 

31.8 

514,782 

Alabama ...... 


7 


7 

95 

6 




California 


30 

124 

154 

8,292 

217 

245,738 

79.2 

194,631 

Arkansas, ..... 


9 


9 

4,422 

121 




Colorado 


5 

11 

16 

1,051 

13 

722,895 

24.8 

179,324 

Wyoming 


5 

2 

7 

353 

4 




Smith Dakota. . 


37 


37 

371 

8 

23,074 

77.6 

17,899 

Missouri 


33 

1 

34 

322 

5 

22,704 

28.6 

6,501 

North Dakota. . 


14 


14 

212 

3 

16,620 

39.8 

6,610 

Michigan „ , - T , 


8 

1 

9 

7 

1 

420 

100.0 

420 

Tennessee 


5 


5 

2 


1,200 

25.0 

300 

Iowa 


5 


5 

4 


80 

50.0 

40 

Total ! 

4,814 

3,691 

8,505 

1,327,722 

18,267 

109,823,030 

24.4 

$41,473,903 
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GAS CONSUMED— Continued 


State 

Industrial 

Total 

Quantity 
M. cu. ft. 

Cents 
per M. 
cubic 
feet 

Value 

§L cu.' 

Cents 
per M. 
cubic 
feet 

Value 

Pennsylvania 


125,470,994 

10 3 

812,962,441 

168,875,559 

14.17 

$23,934,691 

Ohio 


47,535,063 

12.8 

6,065,428 

108,074,660 

19.63 

21,210,965 

Kansas 

.... Aj 

58,137,618 

6.8 

3,960,949 

81,929,740 

11.19 

9,163,863 

West Virginia 

B 

63,430,697 

5.1 

3,240,634 

77,067,756 

7.29 

5,617,910 

New York 


1,947,276 

16.3 

317,692 

14,194,804 

27.92 

3,963,872 

Oklahoma 

0 

22,482,779 

5.2 

1,169,250 

27,880,063 

7.47 

2,082,208 

Indiana 

D 

1,444,849 

12.1 

174,156 

5,760,252 

25.58 

1,473.403 

Kentucky 


2,384,24 2 

8.0 

189,636 

4,958,594 

18.32 

908,293 

Illinois 

... .E 

5,457,229 

6.1 

335,265 

6,723,286 

9.13 

613,642 

Texas \ 


6,494,170 

6.8 

441,901 

8,110,502 

11.80 

956,683 

Alabama J 








California 


2,518,769 

11.2 

282,066 

2,764,507 

17.24 

476,697 

Arkansas ) 








Colorado f 


1,982,053 

6 1 

121,827 

2,704,948 

11.13 

301,151 

Wyoming J 








South Dakota 


20,300 

! 69 5 

14,100 

43,374 

73.77 

31,999 

Missouri 


24,440 

25.0 

6,110 

47,144 

26.75 

12,611 

North Dakota 


1,000 

40 0 

400 

17,620 

39.78 

7,010 

Michigan 


800 

50.0 

400 

1,220 

67.21 

820 

Tennessee 





1,200 

25.00 

300 

Iowa 





80 

50.00 

40 

Total 


339,332,279 

8.63 

$29,282,255 

509,155,309 

13.90 

$70,756,158 


A Includes the consumption of gas piped from Kansas to Missouri. 

B “ “ 44 “ 14 41 West Virginia to Maryland. 

C u 44 44 44 44 44 Oklahoma to Missouri. 

D 44 44 44 44 44 44 Indiana to Chicago, III. 

E 44 44 44 44 44 44 Illinois to Vincennes, Ind. 





THE DETERMINATION OF SOOT PRODUCED BY MINE 

LAMP OILS 


Francis C. Phillips 
University of Pittsburgh , Pittsburgh, Pa. 

By act of the legislature of Pennsylvania approved June 9, 
1911, a fixed standard was adopted for oils to be used in open 
mine lamps in this State, prescribing that such oils must not 
yield more than 0.11% by weight of soot when burnt in an open 
mine lamp and with a flame 1 \ inch long. In this enactment the 
example of other states was followed, although there is here a 
departure from the common methods of attempting to secure 
the result desired. 

In those states where coal mining is carried on, a necessity has 
arisen for strict control over the character of the oil used in open 
lamps. The regulations adopted in the chief coal mining states 
may be briefly stated in substance as follows: 

The Laws in Other States 

Illinois requires the use of a pure animal or vegetable oil or 
other oil as free from smoke as a pure animal or vegetable oil. 
The oil must not exceed 24° of Baumi scale (Act approved May 
11, 1901). 

Michigan requires that only an oil as free from smoke as a pure 
animal or vegetable oil shall be used for illuminating purposes in 
mines. This would exclude the use of paraffine in mine lamps 
(Act of 1909). 

Ohio requires that mine lamp oils shall contain not more than 
16% of mineral oil in admixture with animal or vegetable oils 
but the fatty oil so used shall not be less than 21|° nor more than 
22|° Baum6 and the mixture shall not exceed 24° BaumA A 
special clause permits the use of paraffin wax (Act of 1911), 

Indiana coincides with Illinois in its legal requirements regard- 
ing mine lamp oils. 



712 Original Communications: Eighth International [vol. 

Maryland requires the use of oils composed of 75% at least 
of lard oil, but prohibits the use of petroleum or its products. 
Paraffin wax is however permitted as an illuminant (Mining 
Laws erf Maryland, Chapter 24). 

Kentucky requires the use of a pure animal or vegetable oil 
or other material as free from smoke and bad odor and of equal 
merit as an ill uminant as pure animal or vegetable oil. The 
specific gravity must not exceeed 24° Baumd (Act of 1906). 

Montana directs that mine lamp oils shall contain not less 
than 84% of pure animal or vegetable oil nor more than 16% of 
mineral oih It shall be of not more than 24° Baum4 while the 
mineral oil component shall be between 34° and 36° Baumd, 
and the fatty oil shall be between 21$ and 22$° BaumA Other 
material of equal merit as an illuminant may be used (Act of 
1911). 

Tennessee requires an animal or vegetable oil or one of equal 
merit which must have a specific gravity corresponding to 24° 
Baum4 (Act of 1901). 

Utah requires a pure animal or cottonseed oil or one of equal 
merit (Act of 1911). 

Missouri requires a pure a n i mal or vegetable oil or an oil, of 
equal merit, and erf not more than 24° Baum4 (Act of 1899). 

Oklahoma requires a pure oil as free from smoke as a ptere 
animal oil (Act of 1908). 

Week Virginia directs the use of animal, vegetable or paraffin 
Oil car other oil as free from the evolution of smoke as standard 
cottonseed oil (Act of 1901). 

In all these instances, with the exception of Pennsylvania, it 
will be seen that no fixed standard of quality is adopted but the 
oil is required to conform in its qualities to thosAof an adopted 
standard oil, or to have a specified composition. 

In all the ordinary applications of oils for ill umina ting pur- 
poses in the arts, it is possible to secure by proper methods of 
combustion an intensity of light comparable in quality with day 
light. The miner alone must be content to use a lamp in prin- 
ciple and effect the same as was used in ancient Babylon or at 
the present time by savage or half savage races. His difficulty 
lies iu the one fact that his lamp can have no chimney. 



Fig. 2. Glass Soot Filter 





Fig. 4 Complete Appaiatub for Soot Determination 



Fig. 5. 


A Good Oil 


A Bad Oil 
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When two miners* cap lamps are filled, one with a high boiling 
mineral oil and the other with a good grade of vegetable or animal 
oil, and the flames regulated to a height of about If inches, a 
marked difference is noted in their appearance. 

The animal or vegetable is brightly luminous and terminates 
above in a blunt or even rounded point. The mineral oil on the 
other hand, bums with a flame tapering rapidly to an extremely 
attenuated thread-like ending which is so thin and which merges 
so gradually into soot that the exact height of the flame is not 
easily gauged. The animal or vegetable flame is bright and 
clear. The petroleum flame is decidedly less bright, is of a dull 
reddish color and is apparently overloaded with soot. The sides 
of the Mineral flame are drawn together in a remarkable way 
directly above the wick (which in the lamps used was about | 
inch wide). From the upper end of the flame a column of soot 
escapes in the form of a sharply defined black thread which tends 
at a considerable height above the flame to disintegrate into a 
small cloud of soot particles. 

This effect is not observed in the case of an animal or vegetable 
oil, but on lengthening the flame by raising the wick there is 
formed a kind of fringe of soot with a bundle of black threads 
pointing upwards. The flame produced by melted paraffin 
wax in a mine lamp is like that of an animal or vegetable oil, 
but brighter and is at present probably the brightest flame 
obtainable from a mine lamp. When lengthened to three or 
more inches these various flames behave much alike and are 
productive of the same clouds of soot. 

These flames and more especially the petroleum flame, are 
readily attracted by solid objects and can be deflected or bent by 
a wire, a glass rod or other solid body. 

A question arises here. Why does a highly combustible body 
in a condition of extreme fineness and in presence of excess of 
oxygen escape unbumt directly from a hot flame although sus- 
ceptible to oxidation to CO 2 at a temperature below 300° C? 

If this question could be answered we might be in position to 
burn the oils in open lamps in such way that soot production 
could be avoided. But not knowing how to restrain the tendency 
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to soot production, we must try to select those oils which nat- 
urally possess this tendency in least degree. 

The simplest way is to require the oil dealer to supply oils of 
particular composition or similar in its behaviour to some chosen 
standard oil. Probably the better way is to require an oil, safe 
as regards fire tests, and not exceeding a definite limit in soot 
producing power. 

Mineral oils yield much soot as compared with fatty oils, but 
the fatty oils are apparently not susceptible of further improve- 
ment, while there is reason to expect that mineral oils may be 
improved so as to equal or excel fatty oils for mine use, and there 
is no objection to mineral oils except in so far as they contaminate 
the mine air by the evolution of soot. The ignorance of the 
miner which impels him to demand the cheapest oil for his lamp, 
regardless of quality is largely responsible for the character of 
the oils offered for sale. 

The legislature of Pennsylvania has acted wisely in establishing 
a standard as to soot production rather than a standard of com- 
position, as we should seek to encourage the refiner of petroleum 
to improve his oil to meet the requirements rather than exclude 
his products wholly from the market. It is probable however 
that the standard of soot production should be raised and that 
0.05 instead of 0.11 per cent should be made the permissible 
limit. That the higher standard could be established without 
detriment to the refiner, there seems to be little doubt. 

In an attempt to devise a method for the determination of 
the soot produced by an oil burnt in an open mine lamp, the 
following plan and apparatus were after much experimentation 
adopted. 

The apparatus consists of a lamp in which a weighed quantity 
of the oil to be tested is burnt. The products of combustion are 
carried upward by a suitable suction pump and from the gain in 
weight of the filter, the proportion of soot per 100 parts of oil is 
determined. 

1. The lamp. It seemed proper to use the ordinary open 
mine lamp, but made of brass and having a pinion to raise and 
lower the wick (See figure 2). The spout of the lamp used was 
15 mm. wide at the open end. The wick used was 12mm. thick. 
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It is called “the Pieler wick.” This was selected as being uni- 
form in character and of convenient size. The lamp in use was 
filled with oil to within 5mm. of the top, 

2. The soot filter. The lamp is placed so that the escaping 
soot is drawn upward into the soot filter. This is a glass tube 
5 cm. long and 3.5 cm. wide with a flaring end below as shown 
in the diagram. This expansion is not absolutely necessary but 
desirable. The filter terminates above in a tube of 6mm. bore 
and 7 cm. long. 

In the first experiments the filter was charged with asbestos 
as a filtering material. This was replaced by glass wool as the 
asbestos was found un suited. Exposure of the filtering material, 
consisting of a finely fibrous silicate, to the hot steam from the 
flame causes a partial hydrolysis of the silicate. The effect of 
this heating was shown by first measuring the temperature in the 
asbestos filter by an electric pyrometer, while an oil lamp was 
burning beneath it. Then a small Bunsen gas flame was caused 
to burn for 1 hour at such height as to produce the same tempera- 
ture in a filter. It was found that a newly charged and weighed 
asbestos filter placed over the same Bunsen flame for one hour, 
cooled in an exsiccator and weighed, had gained 0.12 grams in 
weight and it was only after heating the filter in the drying oven 
as described below, to a temperature of 130° that its original 
weight was restored. In the above experiment the purpose was 
to expose the glass wool to steam at the same temperature as in 
case of the oil lamp but with the omission of the soot. Glass 
wool was found to be better than asbestos. Quartz glass wool 
would be best of allj but its price prevents its use. 

When German glass wool was used no difficulty occurred in 
bringing the filter back to its original weight. 

In collecting the soot in the glass wool filter for weighing, there 
seemed to be danger of slowly burning it as it accumulated and 
was exposed to the heat from the lamp flame below. 

The following experiment was then tried. A stream of puri- 
fied air was led through a porcelain tube in which one gram of 
soot produced from a mineral oil had been placed. It was found 
that the escaping air stream caused a precipitation in lime water 
when the temperature of the furnace rose to 300° C, At a higher 
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temperature decided indications of Carbon Monoxide were ob- 
tained. The air stream escaping from the porcelain tube pro- 
duced a black precipitate in a solution of palladium chloride, 
this being followed by a reaction in lime water. It was found 
that C0 2 was formed when the temperature of the combustion 
tube was raised to 250° C. and in repeated trials the temperature 
of incipient C0 2 formation was found to be between 250° and 
300°. The reaction became stronger as the temperature rose, 
but at a temperature of 800° the oxidation was still a slow proc- 
ess. CO was produced in small quantity at 400° and increased 
very little while the temperature rose to 800°. This fact is of 
interest as it has been frequently asserted that CO can only re- 
sult from oxidation of carbon at very high temperatures. The 
filter contains a layer of fine glass wool 6 to 8 cm. in depth and 
supported by a tight fitting disc of nickel gauze. 

3. The Lamp Flame. In order to measure the height of the 
flame, the device shown in figure 3 is used. The two side arms 
are independently movable by rack and pinion past an inch scale, 
permitting of accurate measurement. 

4. The tin box shown in figure 4 is used to guard against 
draughts of air which greatly disturb the flame. 

5. The filter connects above with an inverted bottle containing 
a piece of white filter paper. Blackening of this paper would 
indicate that soot had been drawn through the glass wool and 
had been lost. 

6. The gas meter used renders it possible to control the rate of 
air flow, as it is important that the rate be insufficient to promote 
combustion, but sufficiently rapid to draw the soot away from 
the flame. 

7. Suction pump. Any convenient form of suction pump of 
sufficient capacity may answer. A large Bichards pump was 
used in the experiments described. 

8. The Drying Oven. A brass cylinder BS, 22 cm. long and 
having a diameter of 10 cm. is closed permanently at the end B 
and at the other end by a brass plate bolted to a flange as shown. 
Air dried by two calcium chloride jars is drawn by way of the 
brass T tube C into the oven and passes through the glass filter 
held in place as shown. A thermometer T is placed in the filter. 
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A suction pump (not shown) is connected with the narrow stem 
of the filter at W. 

Process of Determination 

The burning of the lamp is continued for 1 hour, which means 
the consumption of 5-8 gm. of oil in most cases. The filter is 
dried in the oven at 130° C. for 1 hour. It is then cooled and 
left in an exsiccator for % hour. It is then weighed and placed in 
position. A current of air at the rate of 200 liters per hour is 
drawn up through the filter and measured by the gas meter, the 
gas meter being run by suction. The filter is replaced in the 
oven and heated for 1 hour to 130°, when it is cooled in an exsicca- 
tor and weighted. 

Refined vegetable and animal oils yield much the same amounts 
of soot, often less than 0.01% of the oil consumed. 

Petroleum oils yield more than 0.1% and sometimes as much 
as 1% or more of soot, as determined by the above method. 

In the determination the chief difficulty has been found in 
regulating the flame height. Certain oils fluctuate incessantly 
in flame height. Others burn with great uniformity. The 
inferior sooty oils yield generally, but not always, the less steady 
flames. 

No attempt is made in this paper to define the composition 
of soot and I have taken the term to mean merely the black 
substance emitted by certain flames, although in its determina- 
tion the moisture which it carries has been eliminated by a process 
of drying before it is weighed. 

Probably we should, if it were possible, include in the deter- 
mination the entire soot particle , moisture and all, which enters 
the mine atmosphere. 



(Abstract) 

THE COMPOSITION OP NATURAL GAS 
Francis C. Phillips 

This paper contains the result of an examination into the 
composition of natural gas as learned from published analyses 
and from the study of reactions of these various constituents. 
The probability exists that many published analyses are to some 
extent in error concerning some of the constituents owing to 
inherent defects in recognized analytical methods, leaving doubts 
as to the presence of constituents important to a study of the 
general problem. An attempt is made to show that a more 
exhaustive study is called for in order that a conclusion may be 
ultimately reached in regard to the mode of genesis of natural 
gas, and that the measures to be taken for the conservation of 
this valuable fuel must be determined eventually by our ideas 
as to its genesis as affecting the durability of the supply. 


719 




tIEBER DIE BEZIEHUNGEN ZWISCHEN DER CHEMIE 
DER ERDOLE UND DER GEOLOGIE 
DERSELBEN 


M. A. Rakusin 
St. Petersburg , Russia 


Heine Herren! 

Die syntetische Chemie des Erdoles, um die sich Manner, wie 
MarkownikoWy Beilsteiny Mabery, Richardson , Poni , u. A. hoch 
verdient gemacht haben, hatte eine Klassifizirung der Erdole 
nach der Zusammensetzung der sie bildenden Kohlenwasserstoffe 
zur Folge, eine Klassifizirung, die mit der Provenienz der Rohole 
im Zusammenhange steht. Ftir den syntetischen Chemiker 
gentigte es ein einziges Erdol aus irgend einer Fundstatte zu 
untersuchen, um den Charakter der Kohlenwasserstoffe fest- 
zustellen. So spricht z. B. Markownikow von der Untersuch- 
ung des “Kaukasischen Erdoles, ” Popovid — vom “Romani- 
schem Petroleum” u. s. w. — Man begnugte sich mit solchen 
Definitionen, obgleich man vielfach ahnte, dass auch in ein 
und derselben Gegend, aber in verschiedenen Punkten, oder in 
verschiedenen Tirfen das Rohol grundverschiedene Eigenschaften 
aufweist. So kannte man seit Jahren die Unterschiede in der 
Zusammensetzung der Erdole aus Balachany und Bibi-Eybat, 
Swjatoi Ostrow und Surachany, oder Bustenary und Campina, 
die bekanntlich nur wenige Kilometer von einander entfernt 
sind; auch ahnte man, dass das Erdol aus ein und derselben 
Fundstatte in verschiedenen Tiefen verschiedenes spez. Gewicht 
bezw. verschiedenen Destillatgehalt aufweist; man versuchte 
abcr nicht hieraus irgend welche chemisch-geologische Schltisse 
zu ziehen. Die Chemiker und Geologen gingen verschiedene 
Wege, arbeiteten unabhangig von einander, und eine gegenseitige 
Unterstiitzung lasst sich nur ausnahmsweise merken. 

Ganz anders gestaltet sich die Art der exakten Erdolforschung 
seit 1904. — In diesem Jahre gliickte es mir nicht nur die optische 
Aktivitat und zwar Rechtsdrehung des Balchanyschen Erdoles 
und seiner Derivate festzustellen, sondern auch zu beweisen, 
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dass die meisten ErdSle der Welt diese merkumrdige Eigenschaft 
aufweisen . 

Hiermit war der erste Grundstein der physiko-chemischen Erd - 
olgeologie gelegt. Die Frage, woraus das Erdol entstand, ist also 
experimented gelost: die Erdole sind ausschliesslich organischen 
Ursprungs. Die Karbid-Theorie von Mendelejew u. A. gehort 
nnnmehr der Geschichte, und selbst der geniale Begrtinder dieser 
Theorie, zu dessen Lebenszeiten die optischev Aktivitat des 
Erdoles bewiesen wurde, vermochte nichts neues zu Gunsten 
der wiederiegten Theorie auszusprechen. 1 

Von noch grosserer Wichtigkeit waren die verschiedenen 
Konsequenzen , die sich aus der optischen Aktivitat der Erdole 
ziehen liessen. — Zunachst wurde festgestellt, dass die Erdole in 
dieser Beziehung an die atherischen Oele erinnern, eine Tatsache, 
die fiir die Frage nach der Genesis des Erdoles von unzweifel- 
hafter Bedeutung ist. — Alsdann bei den Versuchen die optische 
Aktivitat der dunkel gefarlten Rohole in verdimnter Losung (C6H6 
etc.) festzustellen, ergabsich die merkwtirdige Tatsache, dass 
Rohole oft in den verdunntesten Losungen von 1/64% fur den polari - 
sirten Lichtstrahl (nicht fiir den Sonnenstrahl) undurchlassig sind . 
Offenbar sind es die kohligen Substanzen, die im Erdol allerfeinst 
suspendirt sind, und dem polarisirten Lichtstrahl gegenuber sich, 
wie feste Korper verhalten . 

Da aber Rohole verschiedener Herkunft den polarisirten 
Lichtstrahl bei verschiedener Konzentration durchlassen, also 
verschiedene Karbonisationskonstante aufweisen, wie ich mich 
speziell ausdriickte, so ist es klar, dass diesem verschiedenen 
Yerkohlungsgrade der Rohole auch verschiedene Verkohlungs- 
perioden (Karbonisationsperioden) entsprechen miissen. In 
jeden erdolbildenden Prozess ist mithin ausser der Bildungsperiode 
(b) auch die Verkohlungsperiode (v) einufziihren. Der ein- 
fachste Ausdruck fiir das geologische Alter (A) eines Erdoles 
ware also folgender: A=b+v. 

In diesem Ausdruck ist v eine bereits messbare Grosse, und 

1 Es ist hierbei ausdriiscklich betont dass icb die Arbeit beumann die 
Bichtigkeit der K!arbod*Theori zu beweisenj ich kam aber zu entgegnge- 
setzen Resultate. 
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zwar bilden die Karbonisationskonstanten das relative Mass fur die 
V erkohlungsperioden. 

Kurz nach der Veroffentlichung dieser Ansichten 2 ersuchte 
mich das Geologische Kommit6 zu St. Petersburg meine Arbeiten, 
die damals nur 6 Erdole betrafen, auf zahlreiche Rohole der 
verschiedensten Fundorte Russlands auszudehnen. — Es war das, 
so viel bekannt ist, der erste Fall einer gemeinsamen Arbeit von 
einem Chemiker mit Geologe und uberflugelten die erzielten 
Resultate, wie wir bald sehen werden, jede Erwartung. 

Unter Zuhtilfenahme des Dayschen Filtrationsprinzips wurde 
der Begriff von korrespondirenden Erddlen an jeder beliebigen 
Fundstatte festgestellt, ein Begriff, der es ermoglicht nach den 
gegebenen Eigenschaften eines Roholes von bekannter Lager- 
ungstiefe die Eigenschaften der zugehorigen Rohole oberhalf und 
unterhalb dieser Lagerungstiefe vorauszusagen , 3 Und tatsactr 
lich haben sich diese V oraussagungen sich vielfach bestattigt , so 
z. B. in Surachany } wo liber 40 Jahre vergebens nach dunklem 
Rohole gebohrt wurde, und am 14-ten November 1907 ein 
Springer dunklem Roholes entstand. Die Bohrung wurde nam- 
lich auf das dringende Anrathen des ausgezeichneten russischen 
Geologen Golubjatnikow fortgesetzt, der bekanntlich mit mir 
parallel die Erdolfunde des Kaukasus geologiseh erforschte. 

Auf den Begriff des geologischen Alters zuruckkommend, will 
ich sagen, dass der Ausdruck fur dasselbe in seiner allgemeinsten 
Form der folgende ware: 

A = b+r+v+z, 

wo r — die Razemisationsperiode und z — die Zersetzungsperiode 
bedeuten. 

Die Tatsache, dass die meisten Erdole der Welt ziemlich hohe 
optische Aktivitat aufweisen, schliesst eigentlich die Moglichkeit 
von Razemisation, und erst recht von Zersetzung im erdolbil- 
denden Prozess aus, und wurden die Grossen r und z, wie gesagt, 
nur der Allgemeinheit wegen in die Gleichung eingefuhrt. In 
dieser Form nennen wir diese Gleichung die erste Gleichung der 
physiho-chemischen Erdolgeologie, die die chemische Statik der 
Erdole interpratirt, wahrend die Gleichung A=f+r+v+z auch 

* Joum. d. russ. phys.-chem. Gks 1906, pp. 790-799. 

* Bui. du Com. Geol. de Russie, 1906, pp. 473-478, 
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dir geomechanischen Faktore (zunachst die Filtration) in Betracht 
zieht. 

Beide Gleichungen zusammen geben die Moglichkeit die ganze 
Mannigfaltigkeit der Erdole in der Natur theoretisch abzuleiten. 

So entsprechen z. B. die meisten Erdole des Bakuer Distrikts 
da sie unzweifelhaft Filterdestillate eines zugehorigen Muttererd- 
5les und nicht razemisirt, also erst recht nicht zersetzt sind, der 
Gleichung: A—f+v, wo beide Summanden, wie wir sehen, 
messbare Grossen sind. 

Besonders einfach und lehrreich ist die Gleichung ftir das 
geologisehe Alter des lichten Roholes aus Surachany . In diesem 
Falle wird auch die Grosse v = o, da das Rohol keine Verkohlungs- 
produkte enthalt (K/100%). Die Gleichung gestaltet sich 
sonach, wie folgt: A=f. 

Die Frage nach dem geologischen Alter lichter Rohole ist also im 
Allgemeinen lediglich eine Frage der subterranen Hydraulik . 

Wir haben heutzutage genugende Begrundung zu behaupten, 
dass die zukunftige Naphtageologie ihre Haupterfolge der richt- 
tigen Deutung der optischen Aktivitdt der lichten Rohole und ihrer 
Derivate und der Undurchldssigkeit der Losungen von dunklen 
Roholeri gegenuber dem polarisirten Lichtstrahl . zu verdanken 
haben wird. 

Besonders lehrreich erscheinen schon jetzt die Schliisse, die 
sich aus dem Zusammenhange zwischen den Lagerungstiefen 
korrespondirender Erdole und ihren Karbonisationskonstanten 
sowie anderen physiko-chemischen Konstanten ziehen lassen. 

So hat es sich bei der Untersuchung von etwa 120 Erdolen des 
Kaukasus u. anderer Gegenden herausgestellt, dass: das spezif . 
Gewicht mit der Tiefe zunimmt , wahrend die Verkohlungskonstante 
abnimmt fi Gle&chz&itig nimmt der kalorische Effekt 6 der korrespon - 
direnden Rohole mit der Tiefe ab: schliesslich liess es sich fest- 
stellen, dass bei korrespondirenden Roholen auch die Ausbeuten an 
gleichnamigen Fraktionen im Zusammenhange mit den Lagerung - 
tiefen stehen. 7 

* Ubrigens lassen ich dunHe. Rohole, durch Fullererde. etc. leicht entfraben. 

* Bui. du Com. Geol. de Russie, 1906, pp. 299-313. 

« Ibidem, 1908, pp. 407-427. 

7 Jouro * d. russ. phys.-chem. Q&., 1909, pp. 483-500, 
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Diese wichtigen Gesetzmassigkeiten geben die Moglichkeit 
einer seits die Eigenschaften der Rohole in irgend einem Komplex 
an jeder beliebigen Tiefe vorauszusagen , und andererseits die 
Frage zu beantworten, an welcher Tiefe die physiko-chemischen 
Konstanten von einem der Rohole im Komplex eine gegebene 
Grenze erreichen. 

Dieser TJmstand und die von Golubjatinkow festgestellte Tat- 
sache, dass die Temperaturen in korrespondirenden Roholsonden 
dem geotermischen Gradient nahezu entsprechen, trug zur 
Klarung der alten und doch immer neuen Frage liber den Zusam- 
menhang zwischen Vulkanismus und Erdolbildung bei. Es ist 
doch namlich klar, dass unterhalb der Zone des festen Muttererd- 
oles sich folgende Zonen in successiver Reihenfolge unterscheiden 
lassen miissen: die Erweichungszone der Bitumina , die Schmelz- 
zone , die Siedezone, die Razemisationszone und schliesslich die 
Zersetzungszone , unterhalb deren die Sphdre der vulkanischen 
Erscheinungen beginnt. Mithin sind die Prozesse der Erdolbildung 
und des Vulkanismus raumlich und zeitlich von einander getrennt } 
und von einem direkten Zusammenhange zwischen Erdolbildung 
und Vulkanismus kann keine Rede sein. s Das ist auch klar, denn: 
1) konnten optisch aktive Erdolderivate bei der Temperatur der 
Vulkane nicht existiren, und 2) beweisen uns die geotermischen 
Messungen in den uns zuganglichen Tiefen, dass die erdolbilden- 
den Prozesse sich tatsachlich bei relativ niedren Temperaturen 
abspielen, Temperaturen, deren Zuwachs mit der Tiefe sich 
annahernd berechnen lasst. 

So kamen wir wiederum zu einem -wichtigen chemisch-geolog- 
ischen Schluss, der beim Beginn unserer Arbeiten nicht einmal 
geahnt werden konnte. 

Ehe ich nun meinen Yortrag schliesse, muss ich bemerken, 
dass ich mit Riicksicht auf die kurze Frist, die hier jedem von 
uns zu Gebote steht, nur auf das wesentlichste hinwies. Noch 
eines mochte ich nicht unerwahnt lassen : namentlieh des Zusam- 
menhanges zwischen dem Paraffingehalt der korrespondirenden 
Erdole under deren Lagerungstiefen . Der Paraffingehalt nimmt 
mit der Tiefe ab . Auch diesen Schluss gewann ich auf polari- 

• Ibidem. 
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metrischem Wegel, 9 und spaterhin stellte es sich heraus, dass 
Gilpin und Cram 10 im Laboratorium des unermtidlichen Day zu 
ahnlichem Schluss auf chemischem Wege kamen, wahrend eine 
ganze Eeihe von Friiheren Geologen, 11 und neuerdings auch der 
hochverdiente Strijow in Grosny, die notwendigen geologischen 
Belege Merftir fanden. 

Meine Herren! Bereits in der zweiten Halfte des vorigen 
Jahrhunderts sagte der beruhmte englische Physiker Jellet; 
u Kein Gebiet der Wissenschaft scheint dem Forscher wichtigere 
Ergebnisse zu versprechen, als die Anwendung der Optik auf die 
Chemie . Schon hat die optische Wissenschaft dem Chemiker die 
Losung von Problemen gegeben , deren Erforschung sogar ausserhalb 
seines Bereiches zu liegen scheinen.” 

Ich glaube annehmen zu diirfen, dass diese Worte Jellets in 
Bezug auf die optische Chemie des Erdoles ihre voile Geltung 
haben, und dass die Fortsetzung unserer Arbeiten auf diesem 
dankbarem Gebiete noch reifere Friichte zeitigen wird. 

* Ber. d. deutsch, chem. Ges., 1909. 

Af. Rakusin. Die Polarimetric der Erdole(Berlin, 1910), pp. 275u ff. 

ii Ibidem. 



(Abstract) 

APPLICATION OF THE DIMETHYL SULPHATE TEST 
FOR DETERMINING SMALL AMOUNTS OF PE- 
TROLEUM OR ASPHALT PRODUCTS IN TARS 

Charles S. Reeve and Richard H. Lewis 

This paper, after briefly reviewing the literature on the di- 
methyl sulphate test, notes that the best method to date fails 
to detect the presence of open-chain hydrocarbons in tar-asphalt 
mixtures when the asphalt or petroleum is ten per cent or less 
of the mixture. Commercial specifications are now being drawn 
which require less than ten per cent of asphalt in mixtures with 
tar. 

The authors proceed to show that as low as three per cent of 
asphalt or petroleum can be detected in these mixtures by making 
the dimethyl sulphate test on higher boiling fractions (315°C- 
350°C and 350°C-370°C). Tables of experimental data are given. 

The results do not give any absolute idea of either the amount 
or exact nature of the material which has been fluxed with the 
tar. It is thought possible, however, that the improvement 
which has been made in the test will enable the chemist to ascer- 
tain whether his specifications are being fulfilled, by checking 
up the material supplied against laboratory mixtures of the same 
amount and grades of materials required. 
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PETROLEUM ANALYTICAL METHODS 


S. P. Sadtler 
Philadelphia, Pa. 

The object of this paper is to discuss the following: — Can 
the presence of oxygen in Petroleum and Asphalts be established 
by a direct method of ultimate analysis? 

To get the full import of this question, a few words of intro- 
duction are needed, bearing upon the subject of what those 
interested in the chemistry of petroleum and asphalt know with 
regard to this matter of the presence of oxygen in substances 
of these two classes. 

Hoefer (Das Erdoel und seine verwandten, 2nd Auf. Seiten 
55 und 56) gives a list of 59 ultimate analyses of petroleums 
from all countries. It is true that more than half of these are 
the earlier analysis of St. Claire Deville and Boussingault in 
which only carbon and hydrogen were determined and the 
balance needed to make 100 was assumed to be oxygen, but in 
a large number of more recent analyses both the sulphur and 
the nitrogen when present have been directly determined and 
the balance then ascribed to oxygen. Notably in Russian Oils 
and Japanese Oils, both analyzed in recent years and noting 
the sulphur and nitrogen, has this presence of oxygen been 
recorded. 

Rakusin (Die Untersuchung des Erdoels und seine Producte. 
1906, p. 77) also quotes more recent analyses of Russian petro- 
leums by Charitschkoff and by Nastjukoff, who find from 0.4 to 
2.5% of oxygen and what is of interest, note that the percentage 
of oxygen increases in the heavy petroleums and residues with 
the specific gravity. 

But we are not obliged to base our belief on the presence of 
oxygen in petroleums on calculations made from ultimate analy- 
ses. The discovery of the petroleum acids by Hell and Medinger 
in Roumanian oils and phenols and of the naphthene-carboxylic 
acids by Markownikoff and Oglobin has given us an explanation 
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of the presence of oxygen and justified the assumptions made 
from the ultimate analyses. 

With the natural asphalts, the case is different from that 
of petroleums. Although earlier ultimate analyses of asphalts 
gave large percentages of oxygen, it was because the presence 
of sulphur in them had not been recognized and the oxygen was 
supposed with the carbon and hydrogen to make up the ash-free 
bitumen. However, Kohler (Chemie und Technologie der 
Naturlichen und Kiinstlichen Asphalte, 1904, p. 81) gives several 
analyses of natural asphalts by Day and Bryant and by Kayser 
in which a small percentage of oxygen is given as present along- 
side of a larger percentage of sulphur. 

Both Clifford Richardson andPr of. S. F. Peckham, eminent 
American authorities on asphalt, have taken the position that 
not only is sulphur a distinctive element for natural asphalts, 
but equally that oxygen is to be considered as foreign to natural 
asphalts. 

Besides the natural asphalts, we have also to note the artificial 
asphalts, obtained from petroleum, either by simple removal 
of the volatile portions or by some form of treatment with 
oyygen or sulphur at high temperatures. To the first class 
belong such products as “D grade Asphalt,” made from Cali- 
fornia asphaltic petroleum, (Clifford Richardson. The Modern 
Asphalt Pavement 2d. Ed. 1908, p. 263) and “Baku Pitch” 
(Ibid p. 271) and to the second class Ventura Flux, Byerlite 
and Sarco Asphalt. Of these last mentioned products Byerlite 
and Sarco Asphalt have been made from liquid petroleum- 
residuums by the action of a current of air, either drawn through 
or forced through at temperatures ranging from 380° F. (193.3° 
C.) to 500° F. (287.7° C.) 

The action of the heated air may have two different effects 
(see Hofer p. 85) according to temperature and rapidity of 
quantity of air passed through. The oxygen may cause split- 
ting off of hydrogen in the form of water, with condensation 
of the hydrocarbons affected, or the oxygen may be fixed, form- 
ing products of oxidation which remain, in either case resulting 
in thick semi-solid or solid products. Not only would it be 
very desirable from a scientific point of view to determine which 
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of these reactions has taken place, or whether both have united 
in the formation of the solid asphalt-like products obtained, 
but the matter has been the subject of investigation in con- 
nection with patent litigation over rival processes. 

Of course, direct determinations of carbon, hydrogen, sulphur 
and nitrogen may and do leave varying deficiencies to be charged 
up to oxygen, but it would be desirable to be able to confirm 
these calculations by a direct determination* of the oxygen in 
the product. No such method has thus far come into common 
use. The method of Baumhauer, neither in its earlier form 
nor in its later form, using a weighed quantity of dry silver 
iodate and requiring first a current of hydrogen, then of nitrogen 
and finally of hydrogen again, has not been favorably commented 
on by those who have tried it. The method of Mitscherlich 
of burning with mercuric oxide is also intended to give the oxygen 
at the same time that the carbon and hydrogen are obtained, 
but this method does not seem to have worked satisfactorily 
in the hands of those who have referred to it and has not been 
adopted by chemists. 

The process which I desire to present to those interested in 
this subject is very simple in theory, although its execution is 
not free from difficulties and requires time for its proper comple- 
tion. It is primarily the invention of Dr. ¥m. M. Cross, City 
Chemist of Kansas City, Mo., with whose permission I have 
worked upon it with a view of making it applicable to this class 
of products, and to whose courtesy I am also indebted for the 
permission to give publicity to these results. It consists in a 
combustion carried on in a current of dried and purified hydrogen 
gas, the front of the combustion tube being filled with iron wool, 
which, brought up to a bright glow and thoroughly reduced by 
the hydrogen, then acts as contact-substance and brings about 
complete reaction between the hydrogen and the vapors given 
off from the decomposing petroleum or asphalt, whereby any 
oxygen present is taken up in the form of water vapor, passing 
on to be absorbed ultimately in a weighed chloride of calcium 
tube. In making the determination, hydrogen is passed very 
slowly through strong sulphuric acid, calcium chloride and over 
phosphorous pentoxide into the end of the combustion tube 
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containing the boat with the weighed asphalt sample, beyond 
which is a sufficiently long layer of iron wool. The combustion 
tube at the farther end is connected with a good-sized XJ-tube 
containing purified asbestos wool or preferably spun glass and 
this to a weighed chloride of calcium tube for absorbing water. 
When the combustion furnace is first lighted, only that part of 
the tube containing the iron wool is strongly heated, the part 
containing the asphalt being kept cool. Hydrogen is then 
passed very slowly through the apparatus until the chloride of 
calcium tube used for collecting water has come to constant 
weight and so remained for some time. The part of the tube 
containing the asphalt is then increased in temperature very 
gradually until ultimately the boat and its contents are heated 
to the maximum temperature attainable and so held for a time. 
If the large U-tube containing the asbestos or glass-wool is 
kept cool, no condensable vapors pass beyond, and if the current 
of hydrogen be continued a sufficient length of time after the 
full heat has been applied, it will take all water through as vapor 
into the weighed chloride of calcium tube. No trouble need 
be anticipated from the small amount of sulphur contained in 
the asphalt or petroleum product, because the heated iron wool 
is capable of taking it up, in whatever form it is liberated. 

After beginning my trial of the process with ordinary com- 
bustion tubing, I was led by reason of the necessity of keeping 
the portion of the tube containing the boat with the weighed 
asphalt cool, while the portion containing the iron wool had 
to be heated to a bright red heat, to try a tube of fused silica 
and have found this to possess great advantages. With a tube 
of transparent fused silica, some 30 inches in length, which I 
obtained from the Silicate Syndicate Ltd. of London, Eng , the 
iron wool can be brought to the desired heat, while the end of 
the tube cont ai n in g the boat can be kept perfectly cool by water 
trickling upon it. By this means the rubber corks with which 
the ends of the combustion tubes are fitted can also be kept cool 
so that no overheating can take place. 

I have not yet completed my analytical work upon the material 
taken to try out the method and prefer to reserve a complete 
illustration of the applicability of the method to both petroleums 
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and asphaltic substances for a fuller paper. I will, however, 
give two oxygen determinations in a blown petroleum-residuum, 
or so-called artificial asphalt. 

Determination of Oxygen. I. II. 

Weight of material taken 1 0065 grms. 0.9767 grms. 

Water absorbed in Ca cl 2 tube .0440 grms. 0.0394 grms. 

Corresponding weight of oxygen .0391 grms. 0.0350 grms. 

Percentage of oxygen 3 . 88% 3 . 58% 




NEUERUNGEN AUF DEM GEBIETE DER DESTILLA- 
TION HOCHSIEDENDER OELE 


Leo Steinschneider 
Briin , Austria 

let habe es mir zur Aufgabe gestellt, Sie in grossen Ziigen 
mit den Fortschritten bekanntzumachen, welche auf dem Ge- 
biete der Destination des Roholes, unter besonderer Beriicksich- 
tigung der Destination bochsiedender Oele, im letzten Jabrzehnt 
in Oesterreich gemacht wurden. 

Icb win gleich bemerken, dass diese Entwicklung in Oester- 
reich zum grossen Teile unabhangig von der anderer Lander ge- 
gangen ist, weil sie sich notgedrungen auf anderen Linien bewegen 
musste. Die Ursache hieftir liegt darin, dass der Markt an die 
Fertigprodukte stets steigende Anspruche stellte und dass der 
oesterreichischen Industrie nur ein parraffinhaltiges Rohol zur 
Verfiigung stand, aus welchem alle durch die Auslandskonkurr enz 
auf den Markt gebrachten und aus geeigneterem Rohmaterial 
hergestellten Produkte gewonnen werden mussten. 

Die Ueberlegenheit der auslandischen Produkte in Bezug 
auf Qualitat und Preis war es, was die Entwicklung der Oe- 
Hngdustrie bestimmend beeinflusste und die in verhaltnismassig 
kleineren Betrieben arbeitende, untereinander und mit dem 
Auslande im heftigen Konkurrenzkampfe stehende Industrie 
notigte, durch moglichste Vervollkommnung der technischen Ein- 
richtungen hochwertige Produkte bei moglichst geringen Seib- 
stkosten zu gewinnen. 

Zwei Umstande sind es, welche bei der Destination hiebei 
beriicksichtigt werden mussten: Niedriger Brennmaterialver- 
brauch und die moglichste Yermeidung von Zusetsungsprodukten. 
Denn mit dem Grade der Zusetzung bei der Destination werden 
die Qualitatsziffern der erhaltenen Produkte, Flammpunkt und 
Virkositat herabgesetzt, sinkt die Ausbeute und erhohen sich 
im gleichen Masse die Gestehungskosten. 

Wie diese Aufgabe gelost wurde und bis zu welcher Vollkom- 

735 



736 Original Communications: Eighth International [vol. 

menheit die technischen Einrichtungen zur Destination der Oele 
vorgeschritten sind, will ich in kurzen Worten und anhand von 
Skizzen, Lichtbildern und Modellen erlautern: 

Zur Erreichung eines moglichst geringen Brennmaterialver- 
brauches ist eine moglichst weitgehende kostenlose Vorwarmung 
des zur Destination gehenden Rohmaterilas notwendig und 
hiefur stehen dem Techniker folgende Warmequellen zur Ver- 
fiigung: Die in den Destillatgasen enthaltene latente War- 
menge und die Fltissigkeit swarme des von der Destination 
abgehenden Riickstandes, die sonst durch das Kuhlwasser ver- 
nichtet werden. 

Diese Warmequellen werden weitestgehend ausgeniitzt und zur 
Vorwarmung des Roholes in DestiUat-Riickstands-Vorwarmern 
oder kombinierten Vorwarmern beniitzt. 

Fig. I. zeigt schematise!! den Gang des Roholes bei einer aus 
10 Destillierblasen, 5 Destillat-Vorwarmern und 2 Riickstands- 
vorwarmem bestehenden continuierlich arbeitenden Destination- 
sanlage. Fig. II zeigt schematisch den Gang des Roholes bei 
einer diskontinuierlich arbeitenden Destillationsanlage, welche 
aus einer Destillierblase, einem kombinierten Destillat und Rtick- 
standsvorwarmer und einem nachgeschalteten Riickstandsvor- 
warmer besteht. 

Die durch die Einschaltung solcher Vorwarmer erzieltcn Er- 
spamisse sind ganz bedeutende. Sie erstrecken sich nicht nur 
auf das Brennmaterial, weil in den Vorwarmern bercits die 
leicht fltichtigen Bestandteile des bis auf 160 Grad C. vorge- 
warmten Roholes kostenlos abdestillieren, sie gewahren auch 
eine namhafte Erspamis an Kuhlwasser und die so ausgestatteten 
Anlagen lassen sich naturgemass auch besser forcieren, weil das 
Rohol entwassert in die Destination gelangt. D (Dem im Auft- 
rage der rumanishen Regierung ftir das rumanische Regierung 
fur das rumanische Contingentierungsgesetz vom Jahre 1908 vom 
Finanzinspektor Ing. C. H&l&ceanu verfassten Berichte gemass 
verhalt sich die Leistungsfahigkeit einer nach Fig. I. ausgertis- 
teten kontinuierhehen Anlage zu einer ohne jede Vorwarmung 
arbeitenden kontinuierlichen DestiUationsanlage wie 55.2: 35.3, 
die Leistungsfahigkeit einer nach Fig. II ausgeriisteten discont. 
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Anlage zu einer ohne jede Vorwarmung arbeitenten diskontin- 
uierlichen Anlage wie 88.2: 48.2). 

Wahrend im Vorstehenden auf die Umstande hingewiesen 
ist, welche die Herabsetzung des Brennstoffverbrauches ermog- 
lichen, sollen nun die technischen Einrichtungen erlautert werden, 
durch welche eine moglichst zusetzungsfreie Destination erzielt 
wird. 

Starke Cirkulation des Blaseninhaites, reichliche Dampfbes- 
chickung wahrend des Destillationsprozesses bei gleichzeitiger 
Vermeidung eines Ueberdruckes waren bis vor Kurzem in der 
RohoHndustrie die Gesiehtspunkte, von denen man sich bei der 
Destination hochsiedender Oele leiten Hess und solche in Fig. 
Ill dargestellte DestiUationsanlagen, welche eigentlich nur ohne 
Ueberdruck in der Destillierblase arbeiten, da sie mit kaum mehr 
als 150 cm Wassersaule bios ein rasches Absaugen der enstan- 
denen Zusetzungsprodukte aus den Kondensationsvorrichtungen 
bewirken sollten, wiirden allgemein unter dem Namen Vakuum- 
destillationsanlagen eingefiihrt. 

Die Vorteile, welche die Destination hochsiedender Oele unter 
moglichst hohem Yakuum gewahrt, waren wohl allgemein be- 
kaimt und an Versuchen, derartige Anlagen in der Roholindus- 
trie einzufuhren, hat es nicht gefehlt. (Siehe “das Erdol IIIBdd 7 
v. C. Engler und H. Hofer) Die Schwierigkeiten jedoch, die sich 
dem Techniker bei Schaffung solcher der Massenfabrikation in 
der Grossindustrie dienenden Anlagen entgegensetzten, waren 
bis vor Kurzem uniiberbriickbar und der osterr. Roholindustrie 
gebiihrt das Verdient Anlagen geschaffen zu haben, welcher dieser 
Bedingung entsprechens und bei grosser Betriebssicherheit eine 
standige, leichte Kontrolle wahrend des Destillationsprozesses 
gestatten. 

Fig. IV. zeigt die schematische Darstellung einer solchen in 
Oesterreich sich schnell einburgemden Destillationsanlage fur 
hohes Vakuum (Oesterr. Patent Nro 52202 und Nro 48194) bei 
welcher mit einem Unterdruck von 69-72 cm Quecksilbersaule, in 
der Destillierblase gemessen, gearbeitet wird. 

Durch die Verlegung der hochsttemperierten Heizgase in das 
bei Vakuum auf Zug beanspruchte Flammrohr wird eine Ueber- 
hitzung des auf ausseren Druck beanspruchte Kesselmantels ver- 
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hindert und durch die Verwendung der tiefstehenden Pumpen, 
welche das kondensierte Oel aus den Kondensationsvorrichtungen 
absaugen und fiir den Destillateur sichtbar in den Empfangskasten 
drueken, ist die stet Kontrolle des Destillationsganges gewahr- 
leistet. Diese Anordnung ermoglicht es, alle Apparaturen in 
eine bios der Konstruktion entsprechenden normalen Hohe liber 
dem Fabriksniveau aufzustellen und es ist bios erforderliche, den 
barometrisehen Kondensator 10 Meter tiber dem Fabriksniveau 
zu montieren. 

Die bei solchen Anlagen gemachten Erfahrungen sind die 
allerbesten: Durch die Herabsetzung der Siedetemperatur um 
100-120 Gr. C. wird die Menge der Zusetzungsprodukte auf 
cca \% reduziert und der Brennmaterialverbrauch auf 3% herab- 
gedriickt, wobei ein Riickstand vom spezifischen Gewichte von 
0.91 cca wa 50% hochwertige Oeldestillate ergibt und ein prak- 
tisch koksfreier Asphalt von cca 120 Gr. C. Erweichungspunkt 
entsteht. Bei Destination des gleichen Materials auf einer An- 
lage fiir niedridges Yakuum oder auf einer Krachanlage betragt 
der durch die Zersetzung entstehende Destillationsverlust 4%, 
resp. 8%, der Brennmaterialverbrauch 10%, resp. 20% des 
FuUinhaites. In den leiden letzten Fallen sind zu dem die 
gewonnenen Produkte minderwertiger, der Asphalt ohne ent- 
sprechende Nacharbeit nicht marktfahig. 

Als bisher unbekannte Tatsache mag noch erwahnt werden, 
dass, aus den unter Hochvakuum entstehenden Paraffinolen 
Paraffin von 73° Stockpunkt gewonnen wird. 

Die Verwendung des Flammrohres bei der Destillier blase und 
die Anordnung der wegen des besseren Ablassens des Asphaltes 
an der Unterseite unterbrochenen Innanversteifungsringe, welche 
sich mit den an der Aussenseite des Kesselmantels befcstigten 
Ringteilen zu geschlossenen Versteifungsringen erganzen, er- 
moglichen es Destillationsblasen von verhaltnismassig grossem 
Flillinhalt zu bauen. Ein Fullinhalt von 50 t. ist allgemein 
gebrauchlich und solche Kessel verarbeiten pro Monat cca 600 
Tonnen spezifisch schweren Massut aus Asphalt. Die pro 
Stunde gelieferte Destillatmenge betragt hiebei 1700 Liter. Bei 
einer kontinuierlichen Destillationsarbeit sinkt entsprechend der 
Brennmaterial verbrauch und steigt die Leistungsfahigkeit einer 
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Destillierblase im gleichen Verhaltnisse wie bei alien Anlagen ohne 
Vakuum. 

Es wird wohl alien Fachleuten leicht fallen, mit Hilfe der Mer 
gemachten Angaben die Vorteile der Verwendung von unter 
hohem Vakuum arbeitenden Destillationsanlagen fur alle speziel- 
len Falle selbst zu beurteilen. 

Die Entparaffinierung der auf tiefstockende Mascbinenole zu 
verarbeitenden Destillate geschieht in Oesterreich auf den allge- 
mein eingeflihrten Kristallisatoren Patent “Neumann-Porges,” 
in welchen das langsame Erstarren unter moglichster Ruhe mit 
Hilfe von gekiihlter Salzsohle durchgeftihrt wird, da anderenfalls 
die Filtration schwierig, bisweilen unmoglich wird. Die diesbe- 
zugliche Erlauterung der weiteren Details wiirde aber liber den 
Rahmen meines Themas hinausgehen. 





10 DESTILUERBLASEN.5 DEST1LLAT- UND 2 R0H0ELV0RWARMERN 



SCHEMA E1NER DISKONTjNUIERUCHEN DE STILL ATI ON MIT VORWARMERN 




TEMPERATURKURVE 



Jesiiltal rcrtearm er Jtestiiiicr&lasen (he Ares see Jfoo/t vaAuu/frMasert 



EMA E1NER DESTINATION FUR HOMES VAKUUM. 









UEBER DIE VERWENDUNG YON NICHT VORGE- 
WAERMTEN KOKSOFENGAS IM MARTINOFEN 

Oscar Timmersbach 
Breslau, Germany 

Die deutsche Eisenindustrie hat in den letzten Jahren ihr bes- 
onderes Augenmerk darauf gerichtet, die grossen Mengen der Ue- 
berschussgase, welche sich bei denneuen Koksofenkonstruktionen 
ergaben, ausser zur Krafterzeugung, auch in den huettenmaenn- 
sichen Betrieben moeglichst vorteilhaft und gewinnbringend zu 
verwerten. 

Waehrend zunaechst das Koksofengas nur zu Waermzwecken 
in den Oefen benuetzt wurde, fand die erste erfolgreiche Ver- 
wendung von Koksofengas in Siemens-Martin Oefen in Ober- 
sehlesien auf der Hubertus-Huette statt, woselbst Direktor 
Amende seit 1907 Flusseisen mit Koksgas in Mischung mit 
Generatorgas herstellt. 

Im Jahre 1909 ging Direktor Wirtz von der Deutsch-Luxen- 
burgischen Bergwerks & Huetten A. G., in Muehlheim a/d Ruhr 
dazu ueber, das Koksofengas mit Hochofengas zu mischen und 
ein Mischgas von rund 2000 Waermeeinheiten zur Stahlfabrika- 
tion zu verwenden. 

Desgleichen begann Direktor Wirtz im Jahre 1911 damit, 
einen Martinof en mit vorgewaermten Koksgas allein zu betreiben. 
Ueber diese aeusserst erfolgreiche Verwendung der Koksofengase 
in Mischung mit Hochofengas, beziehungsweise allein ohne Zu - 
satz zur Stahlfabrikation, habe ich auf der Hauptversammlung 
des Vereins Deutscher Eisenhuettenleute in Breslau am 24. 
Dezember 1911 ausfuehrlich berichtet und auf die Wichtigkeit 
dieser neuen Verwendungsart der Koksofen- und Hochofengase 
fuer die Entwickelung der Eisenindustrie hingewiesen, — eine Ver- 
wendungsart, die umso schwerer in die Erscheinung tritt, als 
in Zukunft der Martinofen ohne Zweifel von den Stahlwerken 
gegenueber dem Converter aus Qualitaetsgruenden bevorzugt 
werden wird. 
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Bei den bisherigen Untersuchungen ueber die Verwendung 
von Koksofengas im Martinofen stellte sich heraus, dass die 
Vorwaermung des Koksofengases in den Regeneratoren eine 
Zersetzung des Gases unter gleichzeitiger nieht unwesentlieher 
Verringerung des Heizwertes zur Folge hatte. Zwar war wohl 
von der Generatorgasbeheizung der Martinoefen bekannt, dass 
das Gas in den Kammern zersetzt wird, wie z. B. aus Tabelle I 
hervorgeht, doch belief sich die Verringerung des Heizwertes nur 
auf etwa 4%, konnte also vernachlaessigt werden. 

Bei der Verwendung von Koksofengas in Mischung mit Hoch- 
ofengas ergab sich bereits gemaess Tabelle II, eine groessere 
Zersetzung, so dass eine Heizwertverminderung bis zu 13% vor 
sich ging. 

Untersuchungen endligh mit Koksofengas allein zeigten auf 
der Friedrich-Wilhelmshuette als Ergebnis, dass Gas mit rund 
4500 Calorien bei Erhitzung auf 900° eine Verminderung des 
Heizwertes von 13% erlitt, bei Erhitzung auf ca. 1000° eine 
solehe von 14% und bei Erhitzung auf 1065° eine Heizwertver- 
minderung von ca. 27% wie die nachstehende Gegenueberstellung 
(Tabelle III) des naeheren vor Augen fuehrt. 

Die Zersetzung beginnt im besonderen schon bei ueber 700°, 
wie aus den nachstehenden systematischen Untersuchungen 
von Koksofengas der Friedenshuette in Ober-Schlesien hervor- 
geht. (Tabelle IV.) 

Beim Erhitzen des Koksofengases auf 1000-1060° d.h. auf die 
in der Martinofenpraxis meist uebliche Gaserhitzungs-Tempera- 
ture, wurde hier also ebenfalls eine Heizwertabnahme bis rund 
24% festgestellt. Die Veraenderung der Gaszusammensetzung 
im Einzelnen, sowie die Heizwertabnahme insgesamt fuer das 
Koksofengas und fuer seine einzelnen Bestandteile speziell sind 
aus den nachstehenden Tabellen V and VI ersichtlich. 

Da bei diesen Untersuchungen verschiedene Koksofengase fuer 
die einzelnen Temperaturen verwendet wurden, sodass ein Verg- 
leich unter einander nieht angaenglich erscheint, wurden weitere 
Versuche ueber die Zersetzung von Koksgas beim Leiten ueber 
erhitzten Chamotte mit ein und demselben Gas bei steigender 
Temperatur angestellt. 

Bei der Versuchsreihe in Tabelle VII, blieb der Chamotte, 
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ueber den das Gas geleitet wurde, jeweilig von dem durch Dis- 
sociation abgeschiedenen Kohlenstoff bedeckt, waehrend bei der 
Versuchsreihe in Tabelle VIII der Chamotte nach jedem Versuch 
mit Sauerstoff ausgebrannt wurde. 

Die Heizwertabnahme stellt sich bei rund 800° auf 2-6%, 
bei 900° auf weitere 6-13%, bei 1000° auf weitere 3-7% bei 
1100° auf weitere 2-9% und bei ueber 1200° auf nochmals 14% 
und insgesamt ergab sich eine Verminderung des Heizwertes bei 
Erhitzung auf 1200° um ein ganzes Drittel. Schaubild I kenn- 
zeichnet diese Temperaturabnahme fuer die einzelnen Tempera- 
turintervalle in anschaulicher Weise. 

Im Schaubild II wird noch die Zersetzung des Methans bei 
einem besonders methanreichen Gas vor Augen gefuehrt, wobei 
das Gas ebenfalls ueber Chamotte geleitet und letzteres nach 
jedem Versuch mit Sauerstoff bei 1250° ausgebrannt wurde. 


Gas-Analyse. 


o 2 

= 

0,6 Yol. % 

CO 

= 

3,2 

it it 

SKW 1 

= 

0,6 

it it 

ch 4 

= 

57,6 

it u 

h 2 

== 

27,2 

it (( 

n 2 

= 

10,6 

tc a 


Wenn man sich bei den Versuchsreihen I und II in den Tabel- 
len VII und VIII die Veraenderung der Gaszusammensetzung 
bei der Erhitzung bis 1200° naeher ansieht, so findet man fol- 
gendes Bild: 

Versuchsreihe 



I 

II 

Vermehrung des H um 

75% 

78% 

“ des CO “ 

50% 

129% 

Verminderung des CH 4 “ 

77% 

83% 

“ “ C0 2 “ 

100% 

100% 

“ “ SKW “ 

100% 

100% 


Der Schwerpunkt bei den Reaktionen, die durch die Erhitzung 
des Koksgases eintreten koennen, ruht bei der Zersetzung der 
Kohlenwasserstoffe; diese scheiden zunaechst Kohlenstoff ab, 
* Schwere. Kohlenwasserstoff . 
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welcher sich dann mit 0 verbindet unter Bildung von CO oder 
COs; ebenso kann er sich aber auch mit CO2 unter Bildung von 
CO vereinigen. Des weiteren verbinden sich die CH-Stoffe unter 
Einwirkung anderer Gase, z.B. wirkt CO2 auf CH4 ein. So fand 
Lang 1 bei einem Gemenge von CH4 und CO2: 

Vor dem Erhitzen : N ach dem Erhitzen auf 954-1054° C 

I. 33.3% C0 2 26.8% C0 2 6,4% CO 

II. 29.4% C0 2 20.1% C0 2 8,2% CO 

Die TJmsetzung erfolgt nach der Gleichung : 

CH4+3 C0 2 =4C0-(-2H 2 0; der Wasserdampf kann sich 
dann wieder zersetzen nach der Gleichung: 

C0+H 2 0 = C0 2 +2H; auch CH4 kann auf den Wasser- 
dampf einwirken nach der Gleichung: 

CH 4 +H 2 0=C0+6H 

Jedenfalls erklaert sich die verschiedenartige Gasveraender- 
ung und die verschiedenartige Brennwertverminderung bei der 
Erwaermung des Koksgases hauptsaechlich durch die verschie- 
denartige Einwirkung der einzelnen Bestandteile auf einander. 

Man geht nach dem Vorstehenden nicht fehl, wenn man in 
den heutigen Martinoefen bei Benutzung der Gaskammern zur 
Kohsofengasvorwaermung mit eincr Verringerung des Koksofen- 
Eeizwertes von |-§ rechnet. 

Will man die Abhitze der Verbrennungshitze wenigstens in 
etwas durch Vorwaermung des Gases ausnuetzen, so koennte man 
die Gaskammern verkleinem und das Koksofengas auf 500 bis 
maximum 700° vorwaermen, da bei 500° eine merkliche Zersetz- 
ung und damit Verminderung des Heizwertes des Koksofengases 
noch nicht eintritt. Wenn man aber bedenkt, dass man durch 
Vorwaermen des Koksofengases auf 500° nur circa 180 Calorien 
und durch Vorwaermung auf 700° nur circa 250 Calorien pro 
cbm Gas gewinnt, d.h. ebensoviel, wie durch die Zersetzung des 
Koksofengases an Heizwert verloren geht, und andererseits 
beruecksichtigt, dass die durch Verbrennung von kaltem Koksgas 

l Cf. Di et m ar m “der basisehe Herdofenprozess,” p. 29 . 
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mit erhitzter Luft erzielte Temperatur fuer die Stahlerzeugung 
ausreicht, so duerfte eine V orw aermung des Koksof engas es selbst 
auf 5-700° keinen besonderen Yorteil nach sich ziehen. 

Infolgedessen ist auch die Societe-Cockerill, Belgien in diesem 
Jahre dazu uebergegangen, Martinoefen mit kaltem Koksofengas 
zu heizen, nachdem sie seit 1909, wie ich in meinem Breslauer 
Yortrage bereits erwaehnte, in ihrer Stahlgiesserei bei Fl amm oefen 
von 4 bezw. 7 t Fassung mit kaltem Koksofengas das nur von 
einer Seite zugefuehrt wurde, gute Resultate erzielt hat. 

Der Martinofen in Seraing hat 12 J t Fassung und ist basisch 
zugestellt. Nach Mitteilung des Betriebsingenieurs betraegt der 
Gasverbrauch ca. 300 CBM pro t Stahl; es entspricht dies also 
so ziemlich den Erfahrungen bei dem gleich grossen Martinofen 
mit saurer Zustellung auf der Friedrich-Wilhelmshuette mit vor- 
gewaermten Koksofengas. Auch hier wie dort trat eine Produc- 
tionssteigerung von ca. 15% ein. 

Die bisherigen Betriebsresultate beziehen sich auf relativ 
kleine Martinoefen, jedoch berechtigen sie zu dem Schluss, dass 
bei grossen Oefen der Verbrauch im Koksofengas pro t Stahl 
nicht mehr als 225 cbm betragen wird, wahrscheinlich aber nur 
200 cbm, besonders mit Ruecksicht darauf, dass der Kohlen- 
verbrauch pro t Stahl von der gleichmaessigen Gaslieferung der 
Generatoren abhaengt, — eine Bedingung, die bei Koksgasbehei- 
zung gesichert ist. Der geringe Koksgasverbrauch ruehrt vor 
allem daher, dass die erzielte Flammentemperatur im Martin- 
ofen hoeher ist, als bei Generatorgasbeheizung. Wenn in letz- 
terem Falle als hoechst erreichbare Flammentemperatur nur 
1788° C gefunden wurden, lassen sich mit Koksofengas Tempera- 
fcuren von 1850° C und mehr mit Leichtigkeit erzielen. Infolge- 
dessen wird zunaechstweniger Zeit zum Einsehmelzen des Schrotts 
benoetigt, nicht minder aber auch die Zeit fuer das Frischen des 
Eisens vermindert, indem einerseits im ersten Teile der Charge 
das Bad besser durchgemischt wird, weil bei der hoeheren Bad- 
temperatur das Bestreben des Kohlenstoffes sich mit Sauerstoff 
zu verbinden waechst und weil die W aermeuebertragung von 
der heisseren Flamme auf das Bad wirksamer wird; anderseits 
aber bleibt zu beruecksichtigen, dass im letzten Teile der Charge, 
wenn das Bad rubiger fliesst, eine Waermeuebertragung nur 



750 


Original Communications: Eighth International [vol. 


durch Leitung stattfindet, sintemalen die heisseren Teile des 
Bades leichter sind und daher oben schwimmen, wohingegen die 
kaelteren Partien unten liegen. Die durch das Koksgas cr- 
zielte hoehere Temperatur wirkt daher dann abkuerzend auf 
die Chargendauer; vor allem aber ist sie von besonderer Wich- 
tigkeit, weil das Bad xnit der C-Abscheidung immer schwerer 
schmelzbar, d.h. also die Waermezufuhr dann umso notwendiger 
wird. 

Die Waermeaufnahmefaehigkeit des Bades ist ferner ueber- 
haupt waehrend der Chargezeit verschieden, so leicht laesst sich 
aber die Zusammensetzung des Generatorgases nicht aendern, 
waehrend man mit Koksgas ohne Anstand leicht regulieren kg.nn 
so dass auch hierdurch eine Zeitersparnis und d a, mi t, eine Ernie- 
diigung des Brennstoffverbrauches erzielt wird, zumal jeder 
Zeitgewinn auch eine Emiedrigung des Verlustes durch Strah- 
lung und Heizung nach sich zieht. 

Was nun im Besonderen die Verwendung von kaltem Ko k s g as 
im Vergleich zu der von vorgewaermten Gas anbelangt, so gilt, 
abgesehen von der durch die Erhitzung cingetretenen Heizwert- 
verminderung bis zu 33%, folgendes: 

Im Martinofen soli eine Flamme mit viel strahlender Waerme 
erzeugt werden, um nicht nur durch directe Beruehrung zu heizen 
sondem vor allem durch Waermeausstrahlung auf das Bad 
und die Ofenwandung. Hierzu ist freier C noetig. Bei kaltem 
Koksofengas entstehen durch die Dissociation der CH-Sto£fe 
vide Teilchen freien Kohlenstoffs, welche sich auf die Flammen- 
temperatur erhitzen und vid Licht und Waerme ausstr ahl cn, so 
dass eine bessere Waermeuebertragung auf das Bad erfolgt, 
zumal der abgeschiedene Kohlenstoff auch in der zweiten Ofen- 
haelfte fuer eine Flammenbildung mit grosser Waermeaus- 
strahlung Sorge traegt. Es ist dies von wesentlicher Bedeutung, 
weil bei den modernen Martinoefen bis zu 100 t, wie sie heute 
in Deutschland mit 12 m Herdlaenge gebaut werden, die Charge 
natuerlich auf diese grosse Herdlaenge hin gleichmaessig zum 
Kochen gebracht werden muss. 

Die Wasserstoff-Flamme an sich ist kaum sichtbar. Je mehr 
H , desto kuerzer und heisser die Flamme. Da der H-Gehalt 
beim vorgewarmten Koksgas durch die Erhitzung bis 75% 
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zunimmt, so zeigt kaltes Koksgas eine laengere Flamme, die eher 
bis zum anderen Ende des Ofens reicht, zumal auch mit abneh- 
mender Erhitzung des Gases die Flamme ebenfalls laenger wird. 

Bei erhitztem Koksgas entsehen waehrend des Reversierens 
Gasverluste, indem alles Gas zwischen Herd xmd Reversier- 
Ventil nach dem Ventil zurueck muss (Rueckstromverlust) und 
waehrend des Umsteuerns direkte Verbindung zwischen Esse 
und Gasleitung vorliegt, — bei kaitem Koksgas fallen diese Ver- 
luste fort. Da ferner die fuer die Umkehr der Gase in den kam- 
mem und Kanaelen erforderliche Zeit geringer ist, so wird auch 
im Ofen die Flammenfuehrung nicht so lange aufgehoben und 
die Flamme schlaegt nicht so lange ungehemmt ans Gewoelbe. 

Die Reversierventile sind weiterhin bei den grossen Gasmengen 
der modernen Martinoefen der schaedlichen Temperatur aus- 
gesetzt, was bei kaitem Koksgas nicht eintritt. 

Durch den Fortfall des eigentlichen Gas-Reversierens besteht 
auch keine Explosionsgefahr mehr, die sonst in den Kammern 
und Kanaelen in die Erscheinung treten kann. 

Baulich ergibt sich ferner eine Verbilligung der Ofenkonstruk- 
tion, nebst Yerkleinerung der Gasleitungen. Verbilligung der 
Ventile, sowie eine bessere Armierung und Verankerung des 
Ofens. 

Im Vergleich mit dem Generatorgas kaeme dann noch ausser 
der nicht unerheblichen Ersparnis an Arbeitsloehnen hinzu, 
dass keine Staub-und Teerablagerungen in den Leitungen, 
Kanaelen und Ventilen stattfinden, so dass die hieraus sich 
ergebenden Betriebsstoerungen fortfallen; desgleichen treten 
dadurch auch keine Querschnittsveraendenmgen in den Gas- 
leitungen ein, wodurch die Ofenleistung erheblich beeintraechtigt 
wird und der Ofen zuletzt Gefahr lauft, zum Erliegen zu kommen. 
Die frueher oft gehoerte Befuerchtung, dass bei Koksgasbe- 
heizung das Gewoelbe mehr angegriffen wuerde, als bei Generator- 
gasbeheizung, trifft nicht zu, — wie die Praxis ergeben hat — es 
erklaert sich dies dadurch, dass heisse Luft leichter ist als kaltes 
Koksgas, also erstere mehr das Bestreben hat, nach oben zu 
steigen, und dadurch dass die bei Koksgasverwendung benoetigte 
groessere Luftmenge die Flamme besser vom Gewoelbe abhaelt. 

Die Qualitaet des Stahles wird ebenfalls durch Verwendung von 
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Koksgas gefoerdert, weil das Koksgas ein schwefelarmes Gas ist, 
im Gegensatz zu manchem Generatorgas. Je reiner das Gas, 
desto weniger Schwefel yermag das Bad aufzunehmen, falls 
nicht an sich eine Schwefelaufnahme des Stahles aus dem Heiz- 
gase durch die basische Schwefeldecke verhindert wird. 

Auch hinsichtlich des Wasserstoffgehaltes hat die bisherige 
Praxis keinen Anhalt dafuer gegeben, weder bei Verwendung von 
Koksofengas in Mischung mit Hochofengas, noeh bei Verwendung 
von Koksofengas allein, dass die Qualitaet des Stahles irgendwie 
beeintraechtigt wird. 

Diesen Vorteilen steht nun ein Nachteil gegenueber, indem 
naemlich bei Heizung mit kaltem Kokosgas bei den heutigen 
Martinoefen-Konstruktionen der Abzug der Verbrennungsgase 
nur dureh die hochliegenden Luftzuege erfolgt und nicht mehr 
auch durch die direkt ueber dem Bad liegenden Gaszuege. 

Es f aellt dies besonders bei den grossen Martinoefen ins Gewicht, 
welche eine Herdlaenge von 10-12 m aufweisen, wobei die Ver- 
brennungsprodukte in der zweiten Haelfte der Herdlaenge durch 
den Abzug direkt unter dem Gewoelbe durch die hoch liegenden 
Luftzufuehrungskanaele wesentlich vom Bad abgelenkt werden, 
sodass dieser Teil des Bades mehr Zeit und Waerme zur Erhitzung 
und Fertigstellung des Bades benoetigt, als der erste Teil. 

Doch laesst sich diesem Uebelstande dadurch abhelfen, wie 
dies bereits in einer zum Patent angemeldeten Konstruktion 
geschieht, dass die Einfuerhrung der Verbrennungsluft in den 
Ofen ausser durch die obligaten oberen Luftzufuehrungskanaele 
noch durch neben dem Gaszufuehrungskanal vorgesehene Hilfs- 
luftzufuehrungskanaele, welch letztere mit dem ersteren in Ver- 
bindung stehen. 

Auf diese Weise koeimen die Verbrennungsgase in der Abzugs- 
seite durch die unteren Luftzuege ebenfalls entweichen und 
durch diesen Abzug direkt ueber dem Bade wird die Flamme 
scharf auf das Bad niedergehalten und nicht vorzeitig von der 
Charge abgelenkt. Waehrend beim Abzug nur durch die hoch 
liegenden Luftzuege die Flamme nach der Abzugsseite hin direkt 
auf das Gewoelbe geleitet wird, worunter dieses natuerlich zu 
leiden hat. 

Durch die gleichzeitige Einnchtung der unteren Luftzuege 
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neben den Gaszuegen wird der Luftstrom auch von den Seiten, 
nicht nur von oben, eingehuellt, sodass eine innige Miscbnng von 
Gas und Luft erfolgt und unmittelbar ueber dem Bade eine 
kraeftig oxydierende Flamme entsteht, die auf die Chargendauer 
von wesentlichem Einfluss ist, indem der Einsatz rasch ver- 
schmilzt und schnell gefrischt wird. 

Von welch 7 grosser Bedeutung diese innige Mischung von Luft 
und Gas ist, geht daraus hervor, dass im Martinofen mit vorge- 
waermten Gas d.h. Gaskammern die Verbrennungsprodukte, 
welche durch die hoch liegenden Luftzuege entweiehen, einen 
erheblichen Sauerstoffueberschuss aufweisen, wohingegen die 
durch die tiefer liegenden Gaszuege abziehenden Verbrennungs- 
gase einen Mangel an Sauerstoff zeigen. 

Durch die innige Mischung von Gas und Luft findet aber nicht 
minder sofort eine rasche und relativ vollstaendige Verbrennung 
statt, sodass die Gase bereits im Ofen vollstaendig verbrennen 
und nicht unverbrannt in den gegenueberliegenden Ofenkopf 
abziehen und die Flamme bis weit in die Kammem und sogar in 
die Reversierventile hineinschlaegt, — eine Gefahr, der sonst die 
Stirnwaende und Ofenkoepfe auf die Dauer nicht Stand halten 
koennen. 

Waehrend bei Vorwaermung des Heizgases (einerlei ob Koksgas 
oder Generatorgas) der Treffpunkt von Luft und Gas oberhalb 
des Bades sich im Laufe der Zeit immer zurueck verschiebt, und 
der nach der Abzugsseite hin zu beheizende Teil des Herdes 
immer schwieriger heiss gehalten werden kann, tritt diese Ver- 
schiebung des Treffpunktes bei Verwendung von kaltem Koks- 
ofengas viel weniger in die Erscheinung infolge der gleichzeitigen 
parallelen Luftufuehrung neben den Gaszuegen. Infolgedessen 
arbeitet der Ofen von seiner in Betriebsetzung an stets gleich- 
maessiger und bleibt stets auf seiner ganzen Laenge, auch nach 
der Abzugsseite hin, leichter heiss zu halten. 

Beim Rueckblick auf vorstehende Ausfuehrungen ergibt sich, 
dass fuer die Verwendung des Koksofenueberschussgases in 
Siemens-Martinoefen zweckmaessig zwei Wege in Frage kommen. 
Entweder ist das Kokosofengas mit Hochofengas zu mischen so 
zwar, dass das Mischgas den calorischen Wert eines guten Gen- 
eratorgases erhaelt, und Bau und Betrieb Martinoefen dann in 
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derselben Weise wie bei Generatorgasbeheizung erfolgt — oder 
aber das Koksofengas wird in kaltem Zustande in den Ofen 
eingefuehrt unter Vereinfachung der Ofenkonstruktion nebst 
Leitungen etc. und unter Verbilligung der Arbeitsloehne. In 
beiden Faellen tritt eine solche Erniedrigung der Stahlerzeu- 
gungskosten ein, dass die neue Art der Koksofengasverwendung 
fuer die Eisenindustrie eine aeusserst wichtige Umwaelzung 
bedeutet, eine Umwaelzung, die es ihr ermoeglicht, vom Roheisen 
bis zum Walzwerksfertigfabrikat ohne weiteren Kohlenver- 
brauch auszukommen. — 


TABELLE I 

GENERASORGAS-ANALYSEN 


(Nach Prof. Mayer “Warmetcchnik des Martinofens” p. 73.) 



Gas — vor dem Eintiitt 

Gas— -nach dem Erhitzen 
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0.3 “ 
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0 2 
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(t 

CO 
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23.7 “ 

ch 4 

2.6 “ 

0.9 

h 2 

13.4 “ 

16.1 

N s 

54.5 “ 

53.25 


100.0 % 

100.00 % 
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(Abstract) 


THE ANALYSIS OF WATER GAS PURIFICATION 
MATERIAL 

E. C. Uhlig, 

Brooklyn , N. Y. 

This research was undertaken to ascertain the comparative 
value of the methods published for the analysis of this material, 
and to obtain a method which would give reasonably accurate 
results in the shortest time. 

Material when received is saturated with water and tarry 
matter and has to be dried before grinding. 100 grams are placed 
in a water-jacketed oven at 90° to 95° C., until dry enough for 
grinding. It is unsafe to hasten the drying as some sulphur 
may be volatilized. The sample is then ground in a mill as 
fine as possible. 

The methods of analysis tried were all based on oxidation of 
the sulphur and subsequent precipitation as barium sulphate. 
The methods differed in the manner in which the oxidation was 
effected. The barium chloride solution for precipitation was 
added one c. c. at a time from a burette to the boiling solution 
to be precipitated; the boiling continued 10 minutes and the solu- 
tion allowed to stand over night. Where iron was present the 
barium sulphate was washed with hot 5% HC1, it being found 
that the barium sulphate was liable to be contaminated with Fe 
when this washing was omitted. 

The methods employed were: 

1. Aqua regia method, as used in iron analysis. 

2. Fuming nitric acid method. 

3. Sodium hydroxide method. Digestion with sodium hy- 
droxide, oxidation with potassium permanganate, and solution 
in hydrochloric acid. 

4. Fusion with sodium carbonate and sodium nitrate. 
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5. Eschka’s method, or heating with powdered magnesite and 
sodium carbonate. 

6. Combustion in a calorimeter bomb with potassium chlorate 
and sodium peroxide. 

7. Graefe’s method; combustion in a bottle of oxygen. 

8. Extraction with carbon disulphide. 

9. Lunge’s method; combustion in a current of moist oxygen. 

Results op the Analyses 

Oxide Sample No. 1 was tested by methods 1, 3, 4, 5, 6, and 7. 
The results were all quite close except 5, which were low, owing 
probably to some sulphur escaping. This was not investigated 
as the method would not do where many determinations had to be 
done. 

Methods 3 and 4 were accurate but too troublesome for rou- 
tine work. 

Methods 6 and 7 were very suitable for routine work. 

Method 1 is accurate but consumes much time. An attempt 
was made to omit the evaporation to dryness, but the results 
were high due to silica. 

Oxide sample No. 2 was tested by the following methods; 2, 7, 8, 
and 9. 

Methods 2 and 7 gave practically the same results. 8 isArerj 
slow and 9 very rapid. These last two methods were not suit- 
able as only the free sulphur was determined, and to properly 
watch the work of the oxide the total sulphur must be determined. 

The bomb method gives accurate results in the least time, but 
the initial cost of apparatus is high. Graefe’s method is accu- 
rate and the apparatus not costly, the time is however longer 
than the bomb method. In the Graefe method solution of the 
products of combustion in water is all that is necessary. When 
the insoluble part was treated with hydrochloric acid no sulphur 
was found. The sulphur in the residue may be disregarded. 
Sulphur was also determined in the material before use in puri- 
fication; the results with fuming nitric acid and Graefe’s method 
were found to be nearly the same. 

As the gravimetric method is long, a rapid method as desirable. 
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This was found in the use of the Jackson Turbidimeter, the meth- 
od being as follows: 

To the solution and washings from the Graefe method a drop 
of phenolphthalein was added, the solution nearly neutralized 
with 50% HC1 and boiled to expel carbon dioxide, filtered into 
a 500 c. c. flask and washed with cold water. The flask was cooled 
under a tap, the contents diluted to the mark and well mixed. 
10 c. c. were taken with a pipette, run into a 100 c. c. Nessler jar, 
diluted to 75 c. c. with cold water, a drop of methyl orange added 
and sufficient N 2 HC1 to make slightly acid. A barium chloride, 
1 gram, tablet added, the solution diluted to the mark and set 
aside with occasional shaking until tablet was dissolved. The 
solution was then poured into the turbidimetric tube and the 
height on the tube where the candle flame became obscured 
noted. The average of five readings was taken. From the tables 
the milligrams of sulphur per 100 c. c. was obtained and the per 
cent, calculated. Comparison of turbidimeter with gravimetric 
methods on seven different oxides gave results differing from 
0.17 to 0.75%, which is sufficiently accurate for gas works 
purposes. 

When the boiling off of the carbon dioxide was omitted the 
results were over 2% higher than with gravimetric method. 




(Abstract) 


THE DETERMINATION OF TARRY MATTER IN WATER 
GAS PURIFICATION MATERIAL 

E. C. Uhlig 
Brooklyn, N. Y. 

Two methods were used, viz. — 

I. 10 grams were extracted in a weighed cartridge with carbon 
disulphide. The loss was tar plus soluble sulphur. The sulphur 
remained in the sample was then determined and subtracted 
from the total sulphur previously found. This gave the sulphur 
extracted. The loss of the cartridge and material on extraction 
minus the last result above gave the tarry matter. 

II. 2 grams were wrapped in an 11 c. m. filter paper and ex- 
tracted with carbon disulphide. The gain in weight of the flask 
after expelling the solvent was tar plus soluble sulphur. The 
contents of the flask were oxidized by fuming nitric acid and the 
sulphur determined. This subtracted from the previous weight 
gave the weight of tarry matter. 

The second method consumes less time than the first. In both 
methods it is necessary to tightly enclose the material so that 
none of the woody portion would float in the solvent and pass 
into the flask. The extraction and determination of sulphur 
takes time, and it was thought that a solvent could be obtained 
which would remove the tar and leave the sulphur behind. 

The following solvents were tried: carbon tetrachloride, toluol, 
petroleum ether, acetone, and ether. A qualitative test of the 
solubility of sulphur in each was tried, and it was found that sul- 
phur was partly soluble in all. The method for removing tar 
without at the same time removing sulphur was therefore a 
failure, and resolved itself into a search for a solvent which would 
take the place of carbon disulphide which is somewhat dangerous 
to use on account of inflammability. All the solvents above were 
tried as a matter of interest. It was found that petroleum ether, 
28 769 
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aceton, and ether would not answer because their solvent action 
was incomplete. Carbon disulphide, carbon tetrachloride, and 
toluol were very good solvents. The latter was slower than the 
two former. Carbon tetrachloride was very good but slower than 
carbon disulphide. The latter is the best solvent, with pre- 
cautions the danger resulting from its inflammability may 
be avoided. 

It is difficult to know when the end of the extration is reached. 
Extractions were tried where one solvent followed another when 
the extraction was apparently complete. It was found that the 
second solvent extracted some more of the material. 

Carbon disulphide is the best solvent, being 50% shorter in 
time than carbon tetrachloride. Either may be used for Works 
control. Sulphur in purification material evidently exists in 
three forms: 

1. In combination with iron, 

2. In combination with tarry matter, and 

3. Uncombined or possibly dissolved in the tarry matter. 



THE RAPID DETERMINATION OF ASH IN COAL 


H. M. Ullmann and N. W. Buch 

Id a previous publication 1 we outlined methods for the rapid 
determination of ash and phosphorus in coke, and, as there given, 
the methods have continued to yield us and others rapid, certain 
and accurate results. The fundamental idea in determination 
of ash was, to spread the coke in a thin layer over a weighed plati- 
num dish by means of alcohol, to burn off the alcohol, and then 
to heat the coke in the brush flame of a blast lamp so that a 
return eddy of hot gases of combustion might carry with them a 
supply of preheated air. Five or ten-gram samples were readily 
incinerated in twenty minutes, and one-gram samples may be 
burned to ash in a platinum capsule in ten minutes. Continuing 
with this ash after weighing, it was used for the estimation of 
phosphorus by treating it with a mixture of nitric and hydro- 
fluoric acids, evaporating rapidly to a small volume, filtering, 
and then precipitating with molybdate solution and concluding 
the analysis by the well-known alkalimetric method. Combined 
results for ash and phosphorus may be arrived at within fifty 
minutes, and are uniformly accurate. 

Anthracite coals of Pennsylvania have always yielded excellent 
results by the method just described for coke. In dealing with 
softer coals high in moisture and volatile matter, we have suc- 
ceeded in adapting the method by observing caution in the initial 
heating, and by adding an alcohol solution of shellac to prevent 
the flaking of the coal from the sides of the platinum dish. 

In detail the method for highly bituminous and moist coals is 
as follows, — Five grams of the finely ground coal are put into a 
previously weighed platinum dish of the usual rounded-bottom 
shape, of about 150 cc. capacity, or about 9 cm. across the top. 
The dish is placed on a platinum triangle and heated for about 
eight minutes at one side with a low flame of a Teclu or Bunsen 

The Chemical Engineer, October, 1909 
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burner to drive off moisture. The flame is now raised to a height 
of about 4 cm., placed under the dish and the greater part of the 
volatile matter is driven off in 2 to 4 minutes. By floating on the 
surface of water the dish is rapidly cooled, whereupon the semi- 
coked mass is broken up with a pestle. This can usually be 
carried out in the platinum dish by gentle pressure; in the case of 
some hard-coking coals, the mass is ground in an agate mortar 
and returned to the dish. Four to six cc. of a one-percent alcohol 
solution of shellac are added, and allowed to steep into the semi- 
coked coal for a moment. By lateral shaking the whole mass is 
made uniformly wet, and then by tilting the dish and giving it 
a slow rotary motion the pasty mass is made to flow well up onto 
the sides of the dish. With proper manipulation, the coked mass 
is spread in an even layer over sides and bottom of the dish, and 
sets in that position due to the slow evaporation of the alcohol. 
This evaporation may be hastened by blowing on the mass. 

Without waiting for the mass to become absolutely dry, or 
even for ail flow to cease, the dish is placed on a platinum tri- 
angle and the residual alcohol burned off by applying the small 
flame of a burner at the top of the dish. As soon as all alcohol 
has burned off, the dish is heated to bright redness over the full 
brush flame of a blast lamp, or, better, over two Teclu or Bunsen 
burners inclined at the proper angle to heat the whole dish. If 
the coal flakes from the side of the dish before it is burned to 
ash, it should be cooled and again spread with shellac solution; 
however, proper first coking should obviate the necessity of this 
step. 

The whole operation of determining the ash requires not more 
than twenty, or, in rare cases, a maximum of thirty minutes. 
Weighings for a sample of five-grams may be made within onc- 
half milligram, involving an error at most of .01 percent in the 
result. Modifications of the above method will suggest them- 
selves as the type of coal approaches anthracite coals. A sample 
of coal or coke when spread as above and then placed in a muffle 
does not bum rapidly. 

Many private analyses have checked perfectly with slower 
methods, and we are indebted to the Bureau of Minos of the 
United States for the following series of samples of varied coals. 
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The results of the Bureau were kindly checked by Mr. A. C. 
Fieldner, Assistant Chemist of the Bureau. 


No. State 

1 W. Virginia 

2 Colorado 

3 Pennsylvania 

4 Pennsylvania 

5 Colorado 

6 Alabama 

7 Pennsylvania 

8 Wyoming 

9 Kentucky 

10 Oklahoma 

11 Pennsylvania 

12 Japan 

13 Washington 

14 Missouri 

15 West Virginia 

16 Montana 

17 Illinois 

18 North Dakota 


Ullmann Bureau 
andBuch of Mines 


11.49 

11.31 

11.79 

11.79 

6.29 

6.43 

9.09 

9.20 

6.89 

7.00 

11.03 

11.15 

11.63 

11.73 

4.03 

4.11 

3.00 

2.99 

4.03 

4.11 

7.00 

6.98 

4.32 

4.27 

10.49 

10.54 

8.67 

8.55 

6.12 

6.11 

6.39 

6.48 

10.59 

10.68 

9.42 

9.59 


Type of Coal 

Semi-bituminous 

Bituminous 

Semi-bituminous 

Bituminous 

Sub-bituminous 

Bituminous 

Anthracite 

Sub-bituminous 

Bituminous 

Bituminous 

Anthracite 

Bituminous 

Bituminous 

Bituminous 

Bituminous 

Lignite 

Bituminous 

Lignite 


We acknowledge with gratitude the assistance rendered by 
A. A. Diefenderfer and J. S. Long in the development of the above 
method. 





(Abstract) 

RESINS IN PALEOZOIC COALS 

David White 
Washington , D. C. 

Resins are found in practically all the lignites and subbitu- 
minous coals in which search has been made, lumps (wound or 
exudate) of typical “ rosin” or amber aspect being nearly always 
present. The amounts originally contributed to the mother 
peat vary according to the period and region, but the quantity 
present is largely governed by the varying extent of the decay 
of the ingredient plant material, since the decay of the accompany- 
ing plant tissues effects important concentrations of the resins, 
which are among the substances most resistant to subaqueous 
decay. Thus, according to the conditions of deposition, the 
resins are more concentrated in certain layers and coals. 

In the more advanced coals, including the lowest ranks of the 
so-called bituminous (humic) coals of the later geological epochs 
resins are similarly present, though the lumps are often deformed 
and squeezed along bedding planes and into the joints of the coals. 
In coals of still higher rank the lump resins are found to undergo 
alteration and reduction, becoming smoky-brown; crackled; 
dark brown-black, shriveled, and opaque; and appearing finally 
to be reduced (carbonized) to a black, granular, coaly scale or 
film. The alteration and reduction of the lump resins (and pre- 
sumably the microscopical or internal segregations as well) seem 
to take place while the coals are advanced by the dynamo- 
chemical processes from the 59 per cent to the 64 per cent fixed 
carbon (“pure coal” basis) rank. The period in the progress of 
coalification thus roughly defined seems therefore to compass the 
reduction and loss from visual recognition of the megascopic 
resins observed. It also is, in general, coincident with the devel- 
opment, other things being equal, of the standard coking quality 
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in the coals, which thereafter persists until the coals approximate 
the semianthracite rank. 

Resin lumps occur also in some of the coals having less than 60 
per cent fixed carbon (“pure coal”) in the Paleozoic coal measures 
of the Mississippi Valley. Many of the carbonized woods in 
the coals of that region contain needlelike canal fillings referred, 
on the evidence presented, to the resins. Other very unique 
material from the Carboniferous of Montana is described, in 
which the long, threadlike canal fillings, both freed by decay and 
in place in the coaly residues, are so preserved that they may eas- 
ily be removed for microscopical or chemical examinations. 
Though doubtless somewhat changed from their original composi- 
tion these very remarkable secretions furnish both optical and 
chemical evidence of their resinous nature. 

The conclusion is reached that many of the Carboniferous 
types of plants were resin-bearing, and that resins were probably 
as abundant in the Paleozoic coals as in those of the later eras. 



DIE BESTIMMUNG DES SEIFENGEHALTS KONSIS- 
TENTER FETTE 

Professor Dr. J. Marcusson 

Mitt&ilung aus dem Kdniglichen Materialprufung samt Berlin- 
Lichterfelde W. 

Der Seifengehalt konsistenter Fette wird in der Regel titri- 
metrisch durch Ermittlung der freien Saure einerseits, der nach 
Zersetzen der Seifen mit Mineralsaure und Auswaschen der 
letzteren mit Wasser erhaltlichen Gesamtsaure (Simune von 
freier und aus Seifen in Freiheit gesetzter Saure) andrerseits 
festgestellt. Die Differenz ergibt die Menge der in Form von 
Seifen vorliegenden Fettsauren. Bestimmt man nun noch das 
Molekulargewicht der Fettsauren und die Art der Seifenbasis, so 
lasst sich der Seifengehalt des Fettes bereehnen. 

Schwierigkeiten konnen sich bei der Anwendung des titri- 
metrischen Verfahrens ergeden, wenn dunkle oder kunstlich 
gefarbte Fette zur Untersuchung vorliegen, weil die Titration 
der dann erhaltlichen gefarbten Losungen manchmal nicht 
scharf durchzufiihren ist. 

Femer ist das Yerfahren dann nicht ohne weiteres anwendbar, 1 
wenn Seifen wasserloslicher Fettsauren zugegen sind, weil diese 
SSuren bei dem vorgeschriebenen Ausziehen der zur Zersetzung 
der Seifen verwendeten Mineralsaure mit Wasser gleichfalls z. T. 
ausgelaugt werden, so, dass der Seifengehalt zu niedrig gefunden 
wird. 

Allgemein anwendbur ist dagegen das nachfolgendbeschriebene 
gcwichtsanalytische Verfahren, welches auf der Beobachtung 
beruht, dass sich die in konsistentenFettenfindenden Seifen durch 
ihre Schwerloslichkeit in Aceton von den oligen Bestandteilen 
und durch ihre leichte Loslichkeit in Benzolalkohol von den in 
Aceton unloslichcn, rein anorganischen Anteilen trennen lassen. 

Versuchsausf'Uhrung: 10 g Fett werden in einem Erlenmeyer- 

1 Siehe Holde Mineralole und Fette 1909 S. 106. 
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kolbchen mit 100 ccm frisch destilliertem Aceton in der Kalte 
solange unter mehrfachem Zerdriicben mit einem vom abgeplatte- 
ten Glasstabe digeriert, bis sich nach einigen Stunden, notigen- 
falls Stehen tiber Nacht, die festen Bestandteile in feiner Verteil- 
img abgeschieden haben. Man filtriert dann ab und wascht 
noch so lange mit Aceton aus, bis eine Probe des Auszugs beim 
Verdampfen keinen nennenswerten Riickstand mehr ergibt. 
In die AcetonlQsung gehen Mineralole, fette Oele, Teerole usw. 
tiber, ungelost bleiben auf dem Filter zurtick die Seifen (Kalk- 
Natronseifen usw.) und rein anorganische Bestandteile (Besch- 
werungsmittel, Kalk, Graphit) Behufs Isolierung der Seifen wird 
das Filter durchstossen, der Niederschlag mit heissem Benzol- 
Alkohol (9:1) quantitativ in ein Kolbchen gespiilt und in diesem 
mit dem Losungsmittel kurze Zeit gekocht. Die Seifen gehon 
in Losung und konnen durch Filtration in der Warme leicht von 
den Besehwerungsmitteln befreit werden. Die Losung wird einge- 
dampft, der Riickstand bis zum konstanten Gewicht bei 105° 
getrocbnet. Man erhait so unmittelbar den Gehalt an Seifen. 

Bei Gegenwart grosser Mengen Alkaliseife empfiehltes sich, 
zur schnellen Erreichung des konstanten Gewichtes, die Ben- 
zolalkohollbsung in einer Schale einzudampfen, wclche zuvor mit 
ausgegliihtem Sand gewogen ist (entsprechend dem Yorgehen 
bei der Bestimmung der Trokkensubstanz in Seifen). In 
einzelnen Follen wurde beobachtet, dass sich die Seifen bei der 
angegebenen Aceton behandlung nicht in feiner Verteilung 
ausscheiden, man erhielt vielmehr klumpige, Oel einschlicssende 
Massen. Dieser Missstand war darauf zurtickzufuhren, dass 
zur Herstellung der Fette ungewohnlich zahfltissigo und dah er 
in Aceton schwerlosliche Oele verwendet warcn. Bei Vorliogcn 
derartig bereiteter Fette giesst man die zuerst erhaltene Acoton- 
losung ab und behandelt den klumpigen Riickstand von neuem 
mit 50-100 ccm Aceton. Die Seife scheidet sich dann olfroi 
in der erforderlichen feinen Verteilung ab. 

Mit Hilfe des Acetonverfahrens lasst sich auch leicht feststellen, 
ob in einem konsistenten Fett Alkaliseife Oder Kalk-bozw. 
Aluminiumseife enthalten ist. In ersterem Falle lost sich die 
abgeschiedene Seife beim Erwarmen mit 50% igem Alkohol 
leicht auf, in letzterem bleibt sie ungelost. Dieses Verhalten 
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kann auch zur quantitativen Bestimmung von Alkaliseife neben 
Kalk — oder Tonerde — seife verwendet werden. Man kocht 
in diesem Falle zweckmEissig die acetonunloslichen Anteile 
zunachst mit 50% igem Alkohol zum Herauslosen der Alkaliseife, 
der Riickstand wird dann erst mit Benzolalkohol zur Trennung 
der Kalkseife usw. vom rein Anorganischen erhitzt. 

In Frage gestellt ist die Anwendbarkeit des Acetonverfahrens, 
wenn pechartige Destillationsriickstande zur Herstellung eines 
Schmiermittels verwendet sind, weil sich die Peehteile in Aceton 
nur teilsweise losen, dagegen ebenso wie Seifen in Benzol- Alkohol 
iibergehen. Solche Schmiermittel sind aber sehr minderwertig 
und kommen selten vor. 

Die nach dem Acetonverfahren erhaltlichen Werte liegen in 
einzelnen Fallen etwas hoher als die nach dem titrimetrischen 
Verfahren gewonnenen. Das ist vielleicht so zu erklaren, dass 
die zur Herstellung konsistenter Fette verwendeten fetten Oele 
bisweilen merkliche Mengen wasserloslicher Fettsauren enthalten, 
welche sich der titrimetrischen Bestimmung entziehen, bei dem 
gewichtsanalytischen Verfahren aber infolge der Schwerloslich- 
keit der Kalksalze dieser Sauren in Aceton mit zur Wagung 
gelangen. Die nach den beiden Verfahren bei Vergleichsbestim- 
mungen unter Verwendung heller normal zusammengesetzter 
Fette erhaltenen Werte sind in nachfolgender Tabelle zusammen- 
gestellt. 

Gegen die Zuverlassigkeit des Acetonverfahrens konnte ange- 
fiihrt werden, die in Frage kommenden Seifen seien in Aceton 
nicht unlOslich, sondern nur sehr schwer loslich, der Seifengehalt 
mtisso also zu niedrig gefunden werden. Eine Prufung dieser 
Frage hat folgcndes ergeben: Beim Abdampfen der Acetonlosung 
einiger normal zusammengesetzter konsistenter Fette hinterblie- 
ben lcichtfliessende hellgefarbte Oele, deren Konsistenz in keiner 
Weise auf Gegenwart nexmenswerter Mengen Seife schliessen 
liess. Der Aschengehalt des Oeles war gleich Null, oder er betrug 
nur wenige Milligramme, so dass es sich in der Mehrzahl der 
Falle eriibrigen wird, eine Korrektur fur die in Losung gegangenen 
Seifen anzubringen. Beriicksichtigung der acetonloslichen Seifen 
ist aber dann zu empfehlen, wenn an Stelle von fettsaurem Kalk 
harzsaurer Kalk zur Hersttellung der konsistenten Fette verwen- 
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det ist, weil letzterer in Aceton etwas leichter loslich ist. Man 
berechnet Harm die Menge der Ioslichen Scifen aus dem Aschenge- 
halt unter Zugrundelegung des mittleren Moleculargewichtes 
300 der zugehorigen Sauren. 

Durch Anwendung des Acetonverfahrens lasst sich die bisher 
oft reeht verwickelte Priifung der Gesamtzusammensetzung 
konsistent&r Fette erheblich vereinfachen, da von vomherein 
scharfe Trennung der festen Bestandteile von den fltissigen(oligen) 
erfolgt. Die oligen in die Acetonlosung ubergehenden Anteile 
li- nrmpn aus Mineralol, Harzol, Tcerol, fettem Oel und Glycerin 
bestehen. Letzteres Bcheidet sich in der Regel als dunkelbraune 
dickolige wasserlosliche Schicht unter den oligen Anteilen ab. 
Die Kennzeichnung der genannten Stoffe nebeneinander erfolgt 
nach bekannten Yeriahren und macht koine Schwierigkeiten. 

Die in Aceton unloslichen, aber in Benzol-Alkohol Ioslichen 
Seifen konnen notigenfalls nach Zersetzung mit Salzsaure noch 
daraufhin gepruft werden, ob eine fettsaure oder harzsaure 
Yerbindung vorlag. Im salzsauren Auszug kann gleichzeitig 
die Seifenbasis (ob Kalk oder Tonerde usw.) ermittelt werden. 

Die Untersuchung der in Aceton und Benzolalkohol unloslichen 
Mineralstoffe erfolgt nach den bekannten Verfahren der anor- 
ganischen Chemie. 

Nach Vomahme der aufgefuhrten Bestimmungen ergibt sich 
der Wassergehalt der konsistenten Fette aus der Differenz, kann 
aber auch direkt nach dem Xylolverfahren ermittelt werden. 
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VERGLEICHENDE BESTIMMUNG DES SEIFENGE- 
HALTS HELLER KONSISTENTER FETTE 

Seifengehalt 
ermittelt durch 


No. Titration 

% 

Gewichtsanalyse 

% 

1 13,2' 

13,5 

| 13,4 

14,0 

2 11,7 

11,5 

3 9,8 1 

9,9 J 

9,9 

11, o' 
11,2. 

■ H,1 

4 13,4 

13,8 

13,6 

14,3’ 

14,3 

| 14,8 

5 8,9 

8,3' 
8,6 ' 

8,5 

6 13,2 

13,5 

• 13,4 

14,5' 

14,6 

• 14,6 

7 15,0 

15,3 

8 17,1 

16,9' 

17,0 

• 17,0 

9 21,1 

21,5' 

21,6 

• 21,6 

10 17,0 

17,2 

11 23,2 

23,6 

12 24,1 

23.7 

23.8 

23,8 














THE STRUGGLE BETWEEN WHITE PIGMENTS IN 

EUROPE 

Gaston de Piebres 
London, England 

I have for many years past followed the struggle between the 
white pigments used in Europe and a few words on the subect 
will, I hope, be of some interest to many of those who in the new 
continent have not had an opportunity to follow as I have the 
various phases of the fight, and also the methods adopted by 
various European Governments against white lead. 

In many quarters it is a struggle to death and aims at nothing 
less than the complete disappearance of an industry, which up to 
now has been the most important in the paint trade. 

I do not intend to speak of the causes in which the struggle 
originated. Others more competent than I am (members of the 
Medical Profession) are better qualified to deal with that side of 
the subject. However, it is the duty of the paint technologist 
to follow with impartiality the evolution that is taking place; to 
appreciate and investigate all the properties and improvements 
of the substitutes; and especially to prepare himself to modify 
his industry in conformity with the new laws and circumstances. 

In France the Government is taking most energetic measures 
to enforce the application of the law of 1909, which completely 
forbids the use and manufacture of white lead on the 1st of Janu- 
ary, 1915. 

Lately the Government became aware of the abuse that was 
made of certain denominations and rightly held the view that 
if spurious products and pigments of bad quality were sold to 
the painter the public would still consider that white lead could 
not be dispensed with. In consequence the Government, having 
ascertained that the description of white zinc that was used for 
all pigments, contained zinc salts and that in one case, for in- 
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stance, the War Department had been supplied with a so-called 
white zinc, which when analyzed was found to be lithopone, con- 
taining 7% of Zns, it was decided to appoint a commission, com- 
posed of experts and technologists, to discuss and possibly find 
a way of suppressing these abuses. This Commission completed 
its work some few months ago and laid before the Government 
its finding, submitting also its propositions. These will shortly 
be printed and a regulation passed, in which zinc oxide will be 
defined according to law in conformity with up-to-date knowl- 
edge. The official text is as follows : 

“Article 4. 

“The description ‘ZINC WHITE’ (Blanc de Zinc) with or 
without qualification shall be applied exclusively to oxide of zinc 
used in painting and containing not more than 5 parts of impur- 
ities derived from the ore in 100 parts. Such impurities may con- 
sist of lead compounds provided they do not exceed 3% calculated 
as metallic lead ( Ph )”. I need not tell you that had a definition 
like the foregoing been proposed say fifteen years ago, it would 
have been unanimously protested against. 

Many new facts of importance have resulted from this proposi- 
tion. 

Firstly: For white zinc the Commission completely abandoned 
the principal of chemically pure ZnO, and the ZnO containing 
lead salts up to the percentage mentioned in the description I have 
just given you is considered as the prototype of the product in 
constant use. It is not improbable that the French Commission 
was to a great extent inspired by the condition of affairs in Swe- 
den. While England, France, Germany and some other coun- 
tries were busy discussing at length the effect upon the technique 
of painting if the use of white lead were prohibited, and while 
the sworn partisans of white lead were expressing the most amus- 
ing opinions on the subject, there were still two countries in 
Europe where the use of white lead was extremely restricted 
compared with that of white zinc, and these countries were Swe- 
den and Norway. There is not a single factory in Sweden for 
the manufacture of either white zinc, lithopone or white lead. 
The official statistics give the following figures for the years 1904- 
1910 (those for 1911 are not yet known) : — 
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White Zinc and Lithopone 
1904: 3,032,939 kgs. 
1905: 3,090,787 kgs. 
1906 : 3,690,950 kgs. 
1907: 3,844,760 kgs. 
1908: 3,766,210 kgs. 
1909: 3,653,051 kgs. 
1910: 4,274,903 kgs. 


White Lead 
1904: 511,253 kgs. 
1905: 512,832 kgs. 
1906: 558,946 kgs. 
1907: 557,820 kgs. 
1908 : 509,759 kgs. 
1909: 509,548 kgs. 
1910: 501,314 kgs. 


The above figures show that in 1910 consumption in Sweden 
of pigments based on zinc was 8 J greater than that of white lead. 
In Norway the consumption of zinc pigments is 20 times larger 
than the consumption of white lead. 

It will, therefore, be apparent that white lead is steadily on the 
downward grade, while zinc and lithopone are constantly pro- 
gressing. Moreover, as there is no duty on either white lead or 
zinc, it is clear that the statistics cannot be vitiated by such 
factors as economy, especially as no legal restriction limits the use 
of white lead. As the climate of Sweden is especially severe and 
marked by very great variation in temperature, this state of things 
constitutes an experiment in which the conditions are remarkably 
severe and in favour of white pigments based on zinc, and it must 
be regarded as much more far-reaching than theoretical consid- 
erations or local tests prescribed by Committees appointed to 
study the question. 

Inquiries were made which revealed the fact that the bulk of 
the zinc white used in Sweden contained a slight percentage of 
load, i. e. from 3 to 4% in the form of basic lead sulphate. Great 
was the stupefaction of certain specialists consequent upon this 
discovery, since it has been almost an article of faith that the 
highest quality in a white zinc was its absolute purity so to speak. 
All the specifications emanating from public bodies stipulated 
a maximum of from .5 to 1.0% of foreign matter. On the other 
hand, so long as the analysis of the product agreed with the 
specification, these public bodies were not at all anxious to ascer- 
tain whether the zinc supplied had, or had not, any pigmentary 
value. As a matter of fact, the physical condition of the prod- 
uct — a factor which plays such an importnat part in the value 
of a paint material— -was absolutely lost sight of. 



786 


Original Communications: Eighth International [vol. 


There is also very little doubt that the French deliberations 
must have been influenced by the example set by the Belgium 
State railway, on which white lead and red lead have been pro- 
hibited for the last five years. I have before me a recent pub- 
lication from Mr. Souris, Chief of the Painting Department on 
that system, and few of the passages therein contained are inter- 
esting, since this gentleman up to a few years ago held a very 
strong brief in favor of white lead. This being taken into con- 
sideration, his pronouncement today cannot fail to be of the 
highest importance. 

This is what he says: — “For the last 5 years the Belgian Rail- 
ways — the most important of our Administrations — have made 
exclusive use of white zinc, which has everywhere superseded 
that of white lead. Moreover the white zinc in use is an oxide 
containing a slight proportion of basic sulphate of lead; the latter 
is neither precipitated nor mixed mechanically with the zinc 
oxide, but is obtained by sublimation of the ore in the furnace 
itself simultaneously with the zinc oxide. Each molecule of 
ZnO is, so to speak, impregnated with a very minute quantity 
of salts of lead; hence the very special physical state character- 
istic of this product.” 

The writer adds: — “The great advantages possessed solely by 
leaded zincs are economy, innocuousness, good paint-forming 
properties, covering and spreading power, etc.; all these qualities 
point to its suitability for both interior and exterior decoration 
of public buildings, such as Hospitals, Sanatoria, Amphitheatres, 
etc. I ask for no further proof than the example of the Bel- 
gian Railways, to which I would like to refer once more. 

“This Administration uses white zinc to the complete exclusion 
of White Lead for all painting contracts for both inside and outside 
work, i. e., for building and working plant which are much 
exposed to the inclemency of the weather, besides all WnH P 0 f 
deleterious fumes. 

‘ In spite of these extremely unfavourable conditions, the zinc 
paint coatings give the Authorities entire satisfaction. 

“We may, therefore, conclude, and with still more reason, that 
White Zinc can advantageously and completely replace White 
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Lead for all ordinary painting, inasmuch as the conditions which 
prevail are generally much less severe.” 

It is noteworthy that only a few years ago this same writer 
declined even to consider the possibility of using other than 
absolutely pure white zinc; it is therefore interesting to note 
that he has entirely altered his opinion after 5 years’ use of 
leaded zinc in the important departments of the Belgian Rail- 
ways under his control. 

In France the matter has been taken so seriously that today 
apparatus has been designed and constructed for ascertaining 
rapidly the percentage of Pb. in paints. This is done by means 
of dissolution of the paint and colorimetric analysis. I under- 
stand that these instruments will be placed in the hands of the 
inspectors. 

The French Government, following the same procedure as they 
followed for Zinc Oxide, and desirous of avoiding any adulter- 
ation, made a point to legally defining lithopone in the following 
manner: — 

“ Article 6. 

“The description ‘Lithpone’ (Lithopone) with or without 
qualification shall be applied exclusively to the product contain- 
ing in each 100 parts of mineral matter, 99 parts at least of com- 
pound of zinc and barium sulphate. The latter shall be derived 
exclusively from the barium sulphide used in the process of manu- 
facture. The products must not be sold unless the labels and 
invoices state the composition in terms of zinc sulphide.” 

In the past great difficulty was experienced in finding out 
whether barytes has been added to Lithopone. Today the prob- 
lem has been solved and polarized light will be employed to 
determine the presence of natural barytes in the pigment. 

In England the Government some time ago appointed a Com- 
mission which to a great extent has done over again the work 
of the French Commission, and I believe no one in Great Britain 
would be surprised to see it come to the same decision. One point 
has, however, caused a good deal of anxiety to the British author- 
ities, and that is to know whether it would be possible to find 
sufficient zinc pigment to replace the 60,000 tons of white lead 
used annually in England, and that without disturbing the econ- 
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oxnic conditions. If one takes into consideration the increased 
favor with which lithopone is regarded in England it is possible 
to estimate approximately that 33,000 tons of ZnO calculated in 
the metallic state would be needed to produce 30,000 tons of ZnO 
and 30,000 lbs. of lithopone. Since the actual world production 
of spelter is 850,000 tons and that this production increases from 
40,000 to 50,000 per annum, I think no one need have any 
anxiety that the raw material will be wanting, especially as .it 
is possible to use for the manufacture of zinc oxide by the direct 
process low grade ores which cannot very easily be utilized for 
spelter making. Those who are qualified to express an opinion 
on the subject are of the opinion that even where this large quan- 
tity of zinc pigment needed no substantial increase in the price 
need be anticipated. On the contrary, it is thought that the 
reverse might be the case and that the increased production on 
large scale might cause a fall in prices as has been the case with 
lithopone within the last few years. Taking this into considera- 
tion it is most probable that the British authorities will not stop 
before these objections. There can be no doubt at the present 
moment the British Government finds itself with only two al- 
ternatives, restriction or suppression. All those who are inclined 
to compromise, and we know that this is essentially a British 
characteristic, would undoubtedly favor restriction, but -unfor- 
tunately everywhere it has been found that restriction did not 
produce the results that were expected, since it is almost impossi- 
ble to frame laws which can be enforced. Consequently such 
laws are dead letters. This was the case in France where these 
laws having been proved inefficient, it was found that suppression 
was the only remedy. Also in Belgium similar restriction laws 
were passed three years ago, but have never been obsorved. It 
has been found practically impossible to compel workmen to 
abide by these regulations, and today the Workmen’s Syndicate 
and Trade Union are energetically supporting the suppression 
of white lead, and are posting all over the country posters in 
which they say: — 

“Le travail doit faire vivre et non mourir.” 

A new projected law is now being put before Congress and I 
hear that it has every chance to be passed, since four years ago 
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restrictions were adopted instead of complete suppression by a 
majority of one vote only. 

Now, since I have approximately shown you the situation in 
Europe in some of the principle states, let us see what will be the 
possible consequences: — Undoubtedly the rapid increase in the 
sale of ready mixed paint somewhat on the same system as that 
practised in this country. Everywhere the paint user realizes 
the fact that paints ready-mixed for use are not only better but 
more economical than those prepared by the old and obsolete 
method where the preparation of protective or decorative coating 
was left to more or less inexperienced hands. Another conse- 
quence, of greater importance still from a scientific point of view, 
is the enormous amount of work being done by everyone connected 
with this industry to improve the manufacture and physical 
properties of all the zinc pigments. 

It seems to be quite clear that many of the contrary conclu- 
sions arrived at by experts of good faith in the comparisons 
between white lead and zinc pigment is simply due to the want 
of appreciation of the importance of the physical state. 

For instance, how many manufacturers confidently started 
making lithopone on account of the apparently simplicity of the 
process. All, of course, succeeded in making a chemical product 
containing 71% BaSou and 29% ZnS, but a great number of them 
were compelled to give up manufacturing since they were not 
able to produce a lithopone with any pigmentary value. A 
great many valuable improvements have been made of late in the 
manufacture of this important pigment. 

Two of the greatest defects of lithopone, as you know, have 
been darkening (due to photogenic properties) and chalking. 

The permanency of lithopone has engaged the attention of 
many chemists and it is now possible to make lithopone quite 
permanent when used as an oil paint. To obtain perfect fastness 
to light you must have a lithopone absolutely free from chloride. 
This, of course, sounds quite simple, but in practise is most 
difficult to obtain, especially when a manufacturer uses the chlor- 
ide roasting process to extract zinc from poor ores, as is the case 
in some important European factories. 

I will not leave the question of permanency without mention- 
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mg the want of logic of certain manufacturers in testing lithopone 
for fastness to light. With many of them it is customary to put 
the lithopone in a glass tube filled with water. If the lithopone 
they wrongly come to the conclusion that it will behave 
similarly when used in oil paint. The conditions not being 
similar, the test is of no value, since I have known lithopone which 
did not darken in water and changed very quickly in an oil paint, 
and I have found that this was due to the presence of silicate of 
soda in this lithopone; but, on the contrary, I often found litho- 
pone changing in the water test and yet remaining perfectly 
permanent when exposed to the air and light of an oil paint. 
Consequently, this pigment should always be tested in the way 
in which it is to be used. 

With regard to chalking, this is of great importance, but is 
quite easy to explain. It is due to the poor oil assimulation 
on account of extreme calcination. This tends to make the 
product less amorphous and requires less oil in the grinding. No 
doubt it is more economical for the grinder, but lithopone which 
has little affinity for oil does not stand well and chalks very 
quickly and it will not resist washing. 

Manufacturers in Europe, and especially in England, where 
good quality is much appreciated, insist upon the use of a litho- 
pone requiring 15% to 16% of oil in the grinding. 

Let us now examine the progress made in the manufacture of 
zinc oxide. One of the most interesting features is an improve- 
ment on the Wetherill process. A manufacturer in Europe 
working on this process, starting from raw material containing 
lead, has succeeded on obtaining a very white and puro oxide 
absolutely free from lead and as white as the rod seal brand 
obtained by the French process. The principal advantage of 
this French product is not so much its purity as its fineness 
and extraordinary softness which makes it a valuable pigment 
for enamel manufacture. The separation of the zinc salt from 
the lead salt constitutes a most remarkable scientific achievement. 
f4 ( The struggle between white lead and the other pigments has 
brought forth numerous improvements in our industry and I 
have brought them forward in the hope that they might be of 
interest to those who are far away from the field of battle. 


A METHOD FOR THE DETECTION OF ADUL- 
TERATION OF CHINA WOOD OILS 

Lotris Samter Potsdambr 
Philadelphia, Pa. 

About July 15th of this year there appeared a paper published 
by the New York Produce Exchange, which spoke of the Bacon 
Method for the detection of at least 5% Adulteration of China 
Wood Oils. The paper sets forth that the suspected oils were 
to be placed in a bath of between 280° and 285°C for 8$ or 9 
minutes. To detect adulteration after polymerization the oils 
were to be cut with a knife, the pure offering little or no resistance 
to outting and showing a clean cut surface; while the adulterated 
under similar treatment displayed a ragged cut, or else it could 
not be cut at all. 

This was given a fair trial in the Research Laboratory of Toch 
Bros. Paint Factory, with little success, until I decided to note 
the temperature of polymerization of the various samples, adul- 
terated and pure. I had several samples of the pure oil, and these 
I made up into stock solutions as follows: — 

Pure, 

5% Adulteration with 

10 % “ 

5% 

10 % “ 

(Soya Bean and Paraffine Oils were chosen as representative of 
vegetable and mineral oils, respectively.) 

The apparatus used was such that a bath of oil, (Pure Soya 
Bean Oil), was placed in a nickel pot of about 8 inches diameter. 
In this were suspended 2 test tubes, arranged to act as an air 
bath. The samples were placed in tubes of slightly smaller bore 
and in turn in the air bath. Thermometers were suspended in 
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Soya Bean Oil, 

a it u 

Paraffine Oil, 

it it 
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these tubes so that the mercury bulbs extended below the middle 
of the oil under examination. 

The bath was first heated to a temperature between 510° 
and 525° F and the sample tubes, filled so that the oil surface 
did not extend above the surface of the bath, then placed in 
position. They were allowed to remain in this position until 
polymerization just set in, stirring once in a while with the 
thermometers. 

At the point of polymerization the temperature was noted 
and the tubes withdraw^ from the bath. Referring to the tables 
one can see that adul itions as low as 5% cause a very percep- 
tible drop in the temperature of polymerization. 

I made only three sets of oils but from these I obtained results 
on which I base my method for the detection of adulteration. 
I found that the first 2 oils under examination had an average 
polymerization temperature of 553° and the 3rd. (a mixture of 2 
supposedly pure oils, received at Toch Bros. Factory for testing), 
at a somewhat lower temperature. 

Disregarding such a small discrepancy, 15° F., we notice that 
the adulterations caused a decided drop in the polymerization 
temperature, and as Soya Bean Oil is handiest to the oriental, 
we may expect adulteration with this. 

By the method herein described, an adulteration of 5% could 
be detected. To settle this finally I offer this suggestion; that 
the American Society for Testing Materials now working on the 
standardization of Soya Bean and China Wood Oils, add the 
above to their tests and so obtain a standard temperature of 
polymerization in the manner described, and all oils meeting 
such a temperature (or those within small range) call pure. It 
would then be a very simple matter to detect adulteration. 

Supplementing the polymerization test were determined the 
Specific Gravities of the Oils under standard conditions (60® F.) 
It was noticed that the higher the percentage of adulteration the 
lower the sp. gr., and further when the adulteration was mineral 
oil, the sp. gr., was lowered at least 4 times as much as with a 
similar percentage vegetable oil. 
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Polymerization Temperatures 


Sample 

Set 1 


Set 2 


Set 3 




Aver. 


Aver. 

Aver. 

Pure 

. . . 551 

553 

552 

553 

538 

537 


554 


554 


535 


5% Soya 

. . . 522 

519 

520 

517 

505 

503 


516 


514 


500 


10% Soya 

. . . 502 

500 

476 

475 

498 

499 


498 


474 


500 


5% Paraffine 

516 

516 

518 

517 

494 

497 


513 


516 


500 


10% Paraffine 

. . . . 513 

514 

489 

491 

488 

490 


515 


492 


492 



Sample Sp. Gr. at 60° F. 

Set 1 Set 2 Set 3 

Pure 0.9423 0.9416 0.9409 

6% Soya 0.9417 0.9407 0.9391 

10% Soya 0.9410 0.9401 0.9381 

5% Paraffine 0.9348 0.9350 0.9326 

10% Paraffine 0.9330 0.9323 0.9310 

Iodine values were also made in the samples, with the following 
results: 

Samples Set 1 Set 2 Set 3 

Pure 160.4 158.8 150.5 

5% Soya 158.0 155.4 147.8 

10% Soya 156.2 151.9 141.6 

5% Paraffine 155.2 150.8 140.5 

10% Paraffine 143.9 143.4 136.8 


The impurities make quite an appreciable lowering in the 
Iodine Values. 




THE COATING POWER AND THE HIDING POWER 

OF PAINTS 

Gustave W. Thompson 

As the title of this paper would indicate, we distinguish be- 
tween two qualities which paint possesses : one to produce a coat 
upon the surface painted and the other to hide the surface painted. 
Often the expression “covering power” is used to include one 
or both of these expressions. Usually “covering power” refers 
to the power to hide the surface; but it has also been used as 
referring to the power the paint possesses to coat a surface. We 
would distinguish between these two qualities. We believe that 
as this paper is read, the desirability of such distinction will 
appear. 

A little thought will clearly bring out that there is no necessary 
connection between the power possessed by a paint to coat a sur- 
face and its power to hide a surface. We speak here of power in 
a quantitative and relative sense. We refer to a power which can 
be measured and which varies with the composition of the paint 
and the way it is applied. A paint having a coating power twice 
that of another would, in the sense we use the word “power”, 
give a coating twice as thick; and a paint having a hiding power 
twice that of another, would give a coat that would hide twice 
as well. 

The purpose for which a properly designed paint is used will 
affect the relative importance of coating power and hiding power. 
A paint closely approaching a varnish, that is, having very little 
pigment in it, may be designed so as to produce a thick coat hav- 
ing very little hiding power; and on the other hand, a paint like 
a great many of the flat wall finishes on the market may have a 
reasonably high hiding power but produce a very thin coat, and 
so could be said to have a low coating power. 

Directing our attention first to the coating power of a paint, 
we find that this power is a function of the spreading rate, the 
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percentage by volume of non-volatile materials it contains, and 
the gain or loss in the drying of these non-volatile materials. 
Other factors may also exist such as the porosity or roughness 
of the surface painted, but it would seem desirable that in our 
discussion we limit ourselves to the three factors given above, 
recognizing, of course, that this limitation is an artificial one 
adopted for the purpose of giving us a practical conception of 
the subject before us. 

The spreading rate at which paint is applied is dependent upon 
so many apparently variable factors that at first thought it 
would seem that any rational inquiry into the spreading rate at 
which a paint is to be applied would be futile. We, of course, 
can see at once that the greater the spreading rate, the lower the 
coating power, and consequently the spreading rate becomes a fac- 
tor in the denominator of any mathematical expression we may 
construct representing the coating power of a paint. Further- 
more, the spreading rate is affected by the consistency of the 
paint; the thinner the paint is, the greater its spreading rate, 
etc. Here we are confronted with another difficulty which will 
have to be cleared up. 

We must make another assumption to start with, and that 
is in comparing paints, the comparison is to be made on compara- 
tively smooth surfaces, say — either the hard prepared and filled 
surface of wood or the surface of polished iron. Wc can assume 
also if we desire that all paints have the same standard spreading 
rate, but this assumption would hardly be feasible, as paints are 
known to vary very considerably in their spreading rate. Paints 
when applied over smooth surfaces vary in spreading rate from 
300 to 1800 square feet to the gallon; and it would scorn best 
that in studying the coating power of a paint, we actually make a 
spreading rate test, using either of the surfaces referred to, and 
in our opinion preferably polished sheet iron. ' The figure in any 
case obtained is a relative figure and would probably vary with 
all paints in the same direction. To determine the spreading 
rate the best method which we have found is to make a number 
of tests, spreading the paint in one case at 300 square feet to the 
gallon, and in other cases at 600, 900 ft., etc., until the maximum 
rate is obtained; that is, until it is found impracticable to spread 
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the paint beyond a found spreading rate. The limit to which 
paint can be spread is fixed by obtaining a continuous and smooth 
coat. 

Our second factor referred to above is the percentage of non- 
volatile materials present in the paint. It is evident in comparing 
paints that if they have the same spreading rate, the coating 
power of the paint is proportional to the percentage of non-vola- 
tile constituents present. 

The change in volume which takes place due to the oxidation 
of the non-volatile vehicle has been studied very considerably 
by A. H. Sabin, and it would appear that to start with, there is 
a probable increase in volume, but that later on there may be a 
actual contraction in volume, due to the giving off of oxidation- 
products from the vehicle. If this factor in the coating power 
of a paint were necessarily to be considered, our study of this 
subject would immediately stop for the reason that what takes 
place in paints according to the various conditions of exposure 
which result in the non-volatile vehicle increasing or decreasing 
in volume, is so intricate that one could not reason at all on the 
subject nor reach any satisfactory conclusion. We believe, 
however, that it would be fair to assume that the change in vol- 
ume of paints during the drying is fairly uniform; that is, that 
the increase or decrease in volume may be considered as a con- 
stant. If we make this assumption (and we appreciate that it 
ia an assumption) we get to a point where we can obtain a coeffi- 
cient for the coating power of paint. If we represent this coeffi- 
cient by C.P., the percentage of non-volatile matter as N. Y. 
and the spreading rate as S. R., we get the following equation: 


C. 


P.= 


N. V. 
S. R. 


C , P. in any case will represent the relative coating power which 
a paint possesses. 

We believe that the coating power of a paint is a very impor- 
tant factor in estimating its value. Where there is no volatile 
matter present as in the case of many paints for protective pur- 
poses, then the coating power depends entirely upon the spread- 
ing rate; but in the case of paints intended for inside use, as we 
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have already pointed out, which contain a high percentage of 
volatile matter, there the coating power is dependent also on the 
percentage of non-volatile materials present. Furthermore, the 
use to which a paint is to be put must be considered. If it is 
intended to be washed or if it is to be subjected to much abrasion, 
it should have a reasonably high coating power. 

Coming now to the second part of our subject, the hiding power 
of paint, we find presented to us a still wider field for investiga- 
tion than the coating power presented. The field is so large that 
while we will endeavor to treat many phases of the subject, there 
will still remain very many which we cannot touch. The hiding 
power depends upon optical phenomena. Furthermore, it is a 
physiological property. The perception of hiding power is 
dependent upon the eye, but although we might bo justified in 
developing our subject to include those rays which are invisible 
to the eye, it is not our intention to do so. 

Considering the subject first with reference to the eye, we 
have, in the first place, the sensitiveness of the eye to differences 
in color and illumination. 

2nd: We have the differences in color and reflecting power 
which may exist between paints. 

3rd. We have the color and luminosity of the surface painted. 

On the question of luminosity, Fechncr’s law throws a little 
light. It is stated as follows : 

“. . the differences in sensations vary as the logarithm 
of the ratio of the stimuli producing the differing sensations.” 

Fechner’s law is based on the observation that the oyo can, as a 
rule, note differences in illumination only when these differences 
are greater by a certain amount, no matter what the illumina- 
tions may be, and usually this difference is about 1%; that is, 
the eye can note differences of 1% and over in the intensity of 
illu min ation, no matter what that intensity may bo. From this 
we will note that the luminosity of a surface painted and the 
luminosity of the paint applied affects the optical perception of 
hiding power. If a surface has a luminosity of 99, and the paint 
applied has a luminosity of 100, the eye would not notice the 
difference in luminosity between the surface painted and the 
paint applied, and consequently the paint applied need not have 



Congress of Applied Chemistry 


799 


xxv] 


a high hiding power. If, on the other hand, the surface painted 
has a luminosity of 1, and the paint applied a luminosity of 100, 
it will readily be seen that the paint should have a high hiding 
power. 

As the eye varies in sensibility to different colors, so this same 
power of perceiving differences between surfaces painted and the 
paint surface, is affected by the colors of the surface and the 
paint applied. It would appear that the eye will note smaller 
differences between colors that are in contrast with each other 
than it will where the colors are similar. 

With this preliminary statement, we will take up the question 
of the hiding power of paint more in detail. In general, this 
hiding power depends upon the capacity of the paint. By opacity 
we mean the power to absorb transmitted light. This power is 
best expressed as a decimal fraction of unity and is independent 
of the intensity of the light; that is to say, an object having a 
certain opacity, say — .50, will absorb 50% of the light it receives 
and transmit 50% independent of the intensity of the light re- 
ceived. Of course, we refer only to the light which enters the ob- 
ject and we have nothing to do with that which is reflected by 
it, although it is probable that the reflecting power of paint will 
have to be considered in any final reasoning on the subject. 

If we apply these principles, and take for illustration sheets of 
paper each having the same opacity of .50 and hold one up to 
the light, 50% of the light received will pass through it. If we 
place two superimposed up to the light, the second will transmit 
50 % of the light it receives and the two together will transmit 
only 25% of the light received. If we look through three super- 
imposed sheets, 87$% of the light will be absorbed, and only 12$ 
% will be transmitted. The absorption of light by these suc- 
cessive superimposed layers may be represented by a logarithmic 
curve. We show here several such curves of assumed opacity. 
(See print attached hereto.) 

If we apply this to the subject before us, the hiding power of 
paints, and assume instead of layers, units of thickness, we find 
that the opacity varies in the same logarithmic curve, the char- 
acter of which is affected by the opacity of the paint. 
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We give here the development of a formula for the light that 
passes through any number of units of thickness of paint: 

L=the light passing through any number of thickness units. 
S=the light absorbed by any thickness unit or units. 
a=the light striking the first surface. 

L 

A = the ratio— 

a 1 

n=the number of units of thickness. 

P=the constant opacity of each unit of thickness in the form 
of a decimal fraction of unity. 

Light passing through no unit of thickness: 

L 0 ~ a ~ a 

Light passing through one unit of thickness: 

Li=a— Pa = a(l—P) 

Light passing through two units of thickness: 

L* = (a — Pa) — (a — Pa) P =a(l-P) 2 

Light passing through three units of thickness: 

L»= { (a— Pa) — (a— Pa) P} — { (a—Pa— (a— Pa)P} P*« 
a(l-P) 8 

L n = a(l— P)“ 



A n =(l— P)“ General formula 

To use this formula we should, of course, have a means of deter- 
mining opacity in standard terms. In this paper wo cannot do 
much more than present the problem with certain suggestions 
as to methods of determining opacity. For paints we would sug- 
gest that opacity be expressed in the decimal fraction of unity 
using a paint thickness of .1 mm. The opacity which a paint 
.1 mm. in thickness possesses we will refer to as the “coefficient 
of opacity.” Where the word “opacity” alone is used, it will 
refer to the aggregate opacity of the paint. 

The practical application of opacity testing may be seen in the 
following example: 
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We have referred to the observations on which Fechner's 
law is based, namely: that the eye can perceive differences in 
luminosity of about 1%. It would appear, therefore, that the 
difference in luminosity of a surface painted and the surface of 
a paint should be less than 1%. Now, if we have a paint having 
an actual opacity of .90, it will absorb 90% of the light received 
by it and the surface painted will receive 10%. Assuming that 
all of this 10% is reflected to the eye, then the paint will absorb 
90% of that, and leave only 1% to come to the eye. Under these 
conditions the paint can be said to have sufficient opacity and 
the surface to be ^ell covered. 

We have been endeavoring for some time past to construct 
an apparatus for measuring the opacity of paints. We are unable 
at this writing to report any results obtained with this apparatus. 
Later on we may have something of value to report. The ideal 
apparatus would be one that would start with a standard test 
piece of opacity obtained by photometric methods, and then by 
comparing various paints with this standard test piece, determine 
the thickness of paint necessary to produce opacity equal with 
the standard and then, from the formula given above, calculate 
to the coefficient of opacity of the paint. Such an apparatus 
should be constructed so that light of varying intensity could be 
used, and also light varying in color which could be obtained by 
passing it through color filters. 

With such an apparatus constructed, it could be determined 
whether a paint on drying increases or decreases in opacity; also 
whether paints containing volatile matter increase or decrease 
in opacity on the evaporation of the volatile matter. The tests 
should be run preferably on wet paint; but it may be necessary 
to correct the readings obtained to what would be obtained when 
the paint dries. 

If we obtain the coefficient of opacity by the above formula, 
we can determine what the opacity is for any thickness of paint; 
and having also determined the spreading rate of the paint as 
outlined in the first part of this paper, the hiding power of the 
paint can be measured. 

Pigments and mixtures of pigments can also be tested for 
opacity. It may be improper, however, to refer to dry pigments 
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having opacity. It certainly would be improper to measure the 
opacity of pigments with air as a medium. For the purpose of 
obtaining the opacity of pigments, it would appear that it would 
be best to use a standard non-volatile vehicle such as linseed oil. 
We know that the percentage by volume of the pigment present 
affects the opacity of a mixture of a pigment with linseed oil. 
What the nature is of the opacity curve of a given pigment 
mixed in various proportions with linseed oil, we do not know. 
We do know that it is an ascending curve, but whether nearly 
a straight line or not remains to be determined. With the appa- 
ratus referred to we hope to obtain information on this point. 
We believe that all comparisons of pigments for opacity should 
be made upon the volume basis, preferably on the formula of 75% 
by volume of linseed oil and 25% by volume of pigment. This 
would operate satisfactorily with white lead. Where a different 
formula is necessary, it should still be by volume compared with 
a similar volume of some standard pigment. With colored pig- 
ments, the color screens referred to could be used. It would be 
very interesting to investigate the effect of the various physical 
properties of pigments upon their opacity. We know, in gen- 
eral, that the finer the pigment the greater the opacity. Per- 
haps it would be possible for us with such an apparatus to obtain 
a coefficient of fineness based upon the differences in opacity. 
We know, in general, also that the higher the refractive index 
of a pigment is over that of the vehicle, the greater its opacity. 
Perhaps it would be possible for us also to determine the refrac- 
tive indices of pigments in the same apparatus. Perhaps wo 
could also discover other factors in opacity. 

There has been a great deal of discussion especially in a Gorman 
periodical (Farben-Zeitung) recently on tho relation between 
strength or tinting power and opacity, somo claiming that there 
is a direct relation and others that there is an inverse relation. 
Most of these discussions are academic and not based on practical 
tests. There are reasons for believing that the relation between 
strength and opacity is a direct relation. These reasons are as 
follows: Strength increases as opacity does with the fineness of 
the pigment. In the case of white lead, for instance, its strength 
and opacity are both increased by grinding it finer. 
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2nd: Strength and opacity vary in the same direction with 
the change in the refractive index of the medium in which the 
pigment is ground. Thus, a lowering of the refractive index of 
the medium increases both strength and opacity for most pig- 
ments. This is observed in the whiteness of kalsomine when the 
medium — water, present is replaced by evaporation by the 
medium air. Both the strength and the hiding power or opacity 
of the whiting increases. There are other reasons for the belief 
that strength varies with opacity, but we do not accept this as 
demonstrated, and would only point to a means for such demon- 
stration. * * 

The usual method for determining strength 'is to rub up in 
oil a standard sample with a coloring medium in weighed pro- 
portions; and then rub up the sample to be tested with the same 
coloring medium, using more or less of it as may be necessary 
to produce the standard color, the strength being measured by the 
amount of coloring medium used. This method gives fairly 
satisfactory results, but takes considerable time and labor. 
Experiments which we have made with a disc machine indicate 
that the differences in color which are produced by mixing the 
coloring medium in varying proportions with a definite quantity 
of another coloring material is directly proportional to the quan- 
tity of the coloring medium used. For instance, we have found 
that in mixing white lead and lampblack, the results are distinctly 
impressionistic. The black becomes blended to the eye just as 
occurs on the rotation of the disc machine, and in the same pro- 
portion. Whether this is true of all coloring media we have not 
as yet been able to determine but the matter is under investiga- 
tion. 

We hope with the opacity measuring apparatus referred to 
and the disc machine to determine the relation between strength 
and hiding power and opacity. These pieces of apparatus 
are on exhibition at the reading of this paper. 
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